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1.0 INTRODUCTION 

1.1 Description of the Rocky Flats Plant -- 

1.1.1 Location and Operator 

The U.S. Department of Energy's Rocky Flats Plant is located 

in north-central Colorado, northwest of the City of Denver 

(Figure 1). The Plant is located in Sections 1 through 4 

and 9 through 15 of T. 2 S . ,  R. 70 W. The facility's EPA 

identification number is C07890010526. The mailing address 

is: 

The facility 

U.S. Department of Energy 
Rocky Flats Plant 
P.O. Box 928 
Golden, Colorado 80402 

contact is: 

Albert E. Whiteman, Area Manager 
Phone: (303) 966-2025 

The facility covers approximately 6,550 acres of federally 

owned land in northern Jefferson County, Colorado, which is 

centered at 105O 11' 3 0 "  west longitude, 39O 53' 3 0 "  north 

latitude. The facility is approximately 16 miles northwest 
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o f  D e n v e r  a n d  n i n e  t o  1 2  m i l e s  f r o m  t h e  n e i g h b o r i n g  

communities o f  Boulder, Broomfield, Golden and Arvada. I t  

i s  bounded on t h e  n o r t h  by S t a t e  Highway 1 2 8 ,  on t h e  w e s t  by  

a p a r c e l  of l a n d  east  of  S t a t e  Highway 93, on t h e  sou th  by a 

p a r c e l  of l a n d  n o r t h  o f  S t a t e  Highway 7 2  a n d  on t h e  e a s t  by  

J e f f e r s o n  County Highway 17. Access t o  t h e  p l a n t  is from an  

e a s t  access r o a d  e x i t i n g  from J e f f e r s o n  County Highway 1 7  

a n d a  w e s t  access r o a d e x i t i n g  f rom S t a t e H i g h w a y 9 3 .  

The f a c i l i t y  i s  s i t u a t e d  a t  a n  e l e v a t i o n  o f  a p p r o x i m a t e l y  

6,000 f e e t .  It is on t h e  e a s t e r n  edge of a g e o l o g i c a l  bench 

known l o c a l l y  a s  Rocky F l a t s .  The  bench  is  a p p r o x i m a t e l y  

f ive  m i l e s  w i d e  and f l a n k s  t h e  e a s t e r n  edge of t he  f o o t h i l l s  

of t h e  Rocky Mountains. 

1 . 1 . 2  Mission 

The Rocky F l a t s  P l a n t  is a government-owned and c o n t r a c t o r -  

o p e r a t e d  f a c i l i t y .  I t  i s  p a r t  o f  a n a t i o n w i d e  n u c l e a r  

w e a p o n s  r e s e a r c h ,  d e v e l o p m e n t  a n d  p r o d u c t i o n  complex  

a d m i n i s t e r e d  by t h e  Albuquerque  O p e r a t i o n s  O f f i c e  o f  t h e  

U.S .  Depa r tmen t  of Energy  ( D O E ) .  T h e  p r i m e  o p e r a t i n g  

3 
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contractor for the Rocky Flats Plant is Aerospace Operations 

of Rockwell International. 

The facility produces metal components for nuclear weapons; 

therefore, its product is directly related to national 

defense. The facility fabricates components from plutonium, 

uranium, beryllium and stainless steel. Other production 

activities include chemical recovery and purification of 

recyclable transuranic radionuclides, metal fabrication and 

assembly and related quality control functions. Other 

activities include research and development in metallurgy, 

machining, non-destructive testing, coatings, remote 

engineering, chemistry and physics. Parts made at the plant 

are shipped elsewhere for final assembly (U.S. Department of 

Energy, 1987a). 

1.1.3 Brief History 

Construction of the Rocky Flats Plant was approved by the 

U.S. Government in 1951 as an addition to the nation's 

nuclear weapons production complex. Operations began in 

1952 under direction of the Atomic Energy Commission. The 

original facility covered an area of approximately 

2,520 acres (Figure 1). 
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A b u f f e r  zone w a s  added in1974-1975 t o  e n l a r g e t h e p l a n t t o  

i ts  p r e s e n t  s i z e  o f  a p p r o x i m a t e l y  6 , 5 5 0  acres. The b u f f e r  

zone had been  used  f o r  g r a z i n g  c a t t l e  and h o r s e s  and is 

e n c l o s e d  w i t h i n  a catt1.e f e n c e  which  is  p o s t e d  w i t h  s i g n s  

i n d i c a t i n g  r e s t r i c t ed  access. Two o f f  ice b u i l d i n g s ,  a 

warehouse,  f i r e b r e a k s ,  h o l d i n g  ponds a l o n g  th ree  w a t e r  

c o u r s e s ,  e n v i r o n m e n t a l  m o n i t o r i n g  i n s t r u m e n t a t i o n ,  a 

s a n i t a r y  l a n d f i l l  a r e a ,  a s a l v a g e  y a r d ,  p o w e r  l i n e s ,  

i n a c t i v e  g r a v e l  p i t s ,  c l a y  p i t s  and two t a r g e t  r a n g e s  a r e  

l o c a t e d  i n  t h e  b u f f e r  zone. A d d i t i o n a l l y ,  a f o r m e r  w i n d  

ene rgy  t es t  s i t e  now used  a s a n o f f i c e b u i l d i n g a n d a G r o u n d  

Wave Emergency Network (GWEN) tower  be ing  i n s t a l l e d  by t h e  

U.S. A i r  Force are loca ted  i n  t h e  b u f f e r  zone. 

M a j o r  f a c i l i t y  s t r u c t u r e s  a r e  l o c a t e d  i n  a 4 0 0 - a c r e  

c o n t r o l l e d  a r e a  n e a r  t h e  c e n t e r  o f  t h e  p r o p e r t y .  

Production, research  and development f a c i l i t i e s  a t  t h e  p l a n t  

a r e  l o c a t e d  i n  t h e  c o n t r o l l e d  a r e a  w h i c h  c o n t a i n s  

approximately 1 3 4  s t r u c t u r e s  w i t h  a combined f l o o r  space of 

approximately 2 .67  mi l l i on  square  feet .  

5 
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1 . 2  Summary of the, L a n d f i l l  Closure  P lan  

A d e s c r i p t i o n  of  t h e  c o n s t r u c t i o n  and  o p e r a t i o n s  a t  t h e  

l a n d f i l l  h i s t o r i c a l l y  and p r e s e n t l y  is p resen ted  i n  S e c t i o n  

2.0. D e c o n t a m i n a t i o n  p r o c e d u r e s  f o r  equ ipmen t  a n d  n o r t h  

s p r a y f i e l d ,  p o t e n t i a l l y ,  a re  p r e s e n t e d  i n  S e c t i o n  3.0. 

S e c t i o n s  4.0,  5.0 a n d  6.0 d i s c u s s  p r i m a r i l y  t h e  p r o p o s e d  

c l o s u r e  d e s i g n  f o r  t h e  l a n d f i l l  which inc lude  a m u l t i - l a y e r  

c o v e r ,  g r o u n d  w a t e r  a n d  g a s  c o l l e c t i o n  s y s t e m s ,  

r e s p e c t i v e l y .  S e c t i o n s  7.0 and 8.0 d i s c u s s  t h e  s e c u r i t y  a t  

the  l a n d f i l l  and c e r t i f i c a t i o n  of c losu re .  

6 
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The  p r e s e n t  l a n d f i l l  was p l a c e d  i n  o p e r a t i o n  on August 14, 

1 9 6 8 ,  a f t e r  a s t u d y  de te rmined  t h a t  a l a n d f i l l  o p e r a t i o n  

would be t h e  most e f f i c i e n t  and economical means t o  d i spose  

of  t he  p l a n t ' s  n o n r a d i o a c t i v e  s o l i d  was te .  A number o f  

a v a i l a b l e  s i t e s  w i t h i n  t h e  p l a n t ' s  b o u n d a r i e s  w e r e  

evaluated.  The s i t e  selected was loca ted  on t h e  western end 

of  a n  unnamed t r i b u t a r y  t o  North Walnut Creek a s  shown on 

F i g u r e  1. 

C u r r e n t l y ,  t h e  l a n d f i l l  is  a c c e p t i n g  nonhazardous  s o l i d  

w a s t e  a t  a r a t e  of a p p r o x i m a t e l y  115 c u b i c  y a r d s  p e r  work 

day. A t  t h i s  t i m e ,  t h e  l a n d f i l l  c o v e r s  a p p r o x i m a t e l y  

765,000 square  feet of land, a s  shown on Figure 2. 

I n  a r e a s  where d i s p o s a l  is no l o n g e r  o c c u r r i n g ,  g e n e r a l l y  

t h r e e  f e e t o f  compacted s o i l  w a s p l a c e d  o n t o p  o f t h e  was te .  

T h i s  s o i l  m a t e r i a l  reduces wind d i s p e r s i o n  and i n f i l t r a t i o n .  

T h e r e  i s  p r e s e n t l y  l i t t l e  v e g e t a t i v e  g rowth  on t h i s  s o i l  

l a y e r .  

7 
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2.2 Construction History 

When the landfill was initially placed in operation in 1968, 

the west end of the drainage channel was filled with on-site 

soils from a borrow area, to a depth of five feet and 

approximately 20 feet in length across the channel. 

In September 1973, tritium was detected at the drainage of 

the Rocky Flats landfill. In response, approximately 57 

monitoring wells were installed directly into the landfill 

waste or immediately below the waste materials. In 

addition, two temporary berms were constructed to provide 

management capability f o r  any leachate or surface water 

generated by the landfill. The two ponds were named Pond #1 

and Pond #2, and were located east of the landfill, as shown 

on Figure 2. These ponds consisted of a drainage barrier 

across the channel, which reduced the flow in the tributary. 

There was a sprinkler pumping station located adjacent to 

the west pond, Pond #l. 

Through the installation of the monitoring wells, the source 

of tritium was fairly well identified. The depth and 

configuration' of the source remain unknown. It was 

estimated in 1974 that the tritium was disposed of in the 

9 
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l a n d f i l l  i n  1970.  Several  o p t i o n s  w e r e  e v a l u a t e d  f o r  t h e  

c o r r e c t i o n  of t h e  p r o b l e m ,  i n c l u d i n g  e x c a v a t i o n .  The 

selected a c t i o n  w a s  t o  c o n s t r u c t  a series o f  c o l l e c t i o n  

sys tems around the l a n d f i l l .  

By 1 9 7 4 ,  t h e  l a n d f i l l  had  expanded i n  s u r f a c e  area t o  

approximate ly  300,000 squa re  feet (F igure  2 ) .  A t  t h a t  t i m e ,  

a p r o j e c t  w a s  undertaken t o  perform t h e  r enova t ions  a t  t h e  

l a n d f i l l  selected i n  r e s p o n s e  t o  t h e  d i s c o v e r y  of t h e  

t r i t i u m  source  (Zef f ,  1 9 7 4 ) .  These r enova t ions  inc luded  t h e  

c o n s t r u c t i o n  of a pe rmanen t  pond embankment e a s t  o f  t h e  

l a n d f i l l ,  a ground-water i n t e r c e p t  system f o r  uncontaminated 

ground w a t e r ,  a leachate c o l l e c t i o n  system and s u r f a c e  w a t e r  

c o n t r o l  di tches .  T h e  purpose of t h e  w e s t  pond, Pond #1, w a s  

t o  p r o v i d e  a pe rmanen t  s t r u c t u r e  t o  impound any leacha te  

gene ra t ed  by the  l a n d f i l l  f o r  management purposes.  T h e  east  

pond, Pond # 2 ,  w a s  t h e  l a rge r  pond,  and  w a s  i n t e n d e d  a s  a 

backup  s y s t e m  f o r  any o v e r f l o w  from Pond #l. Pond # 2  a l s o  

was t o  a l l o w  c o l l e c t i o n  o f  i n t e r c e p t e d  g round  w a t e r ,  i f  

n e c e s s a r y .  T h e  a r e a  o f  each  pond  w a s  a p p r o x i m a t e l y  

0.5 acre. The i n t e n t  o f  t h e s e  s y s t e m s  was t o  p r o t e c t  

s u r f a c e  water and ground water from any leachate gene ra t ed  

by t h e  l a n d f i l l .  C o n s t r u c t i o n  o f  t hese  s y s t e m s  began  i n  

October 1 9 7 4 ,  and was completed i n  January 1975. 

1 0  
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The  c o l l e c t i o n  s y s t e m s  c o n s i s t e d  o f  a s u r f a c e  wa te r  

i n t e r c e p t o r  d i t c h  and a combined l e a c h a t e  and ground-water 

i n t e r c e p t o r  d i t c h .  T h e  p u r p o s e  o f  t h e  s u r f a c e  w a t e r  

c o l l e c t i o n  system w a s  t o  i n t e r c e p t  any s u r f a c e  water runoff  

f l owing  toward t h e  l a n d f i l l ,  and t h e n  t o  direct t h i s  water 

away f r o m  t h e  l a n d f i l l .  The d i t c h  w a s  c o n s t r u c t e d  a r o u n d  

t h e  e x t e r i o r  of t h e  l a n d f i l l  a s  shown on F i g u r e  3 .  I n  

c ros s - sec t ion ,  t h e  d i t ch  w a s  t r a p e z o i d a l  and approximately 

three feet  deep, w i t h  s t e e p  side s lopes .  

The leacha te  and  g round-wa te r  c o l l e c t i o n  s y s t e m s  w e r e  

c o n s t r u c t e d  between the s u r f a c e  water i n t e r c e p t o r  d i t c h  and 

t h e  l a n d f i l l ,  t o  d i v e r t  g r o u n d - w a t e r  f l o w  a round  t h e  

l a n d f i l l ,  t o  collect leachate gene ra t ed  i n  t h e  l a n d f i l l ,  and 

t o  p rov ide  an  a d d i t i o n a l  d i s p o s a l  area (Figure  3 ) .  T h e  t w o -  

p a r t  s y s t e m  w a s  c o n s t r u c t e d  by e x c a v a t i n g  a round  t h e  

p e r i m e t e r  of t h e  s o l i d  wastes  t o  d e p t h s  of t e n  t o  2 5  feet .  

The  t r e n c h  e x c a v a t i o n  f o r t h e  s y s t e m  w a s  2 4  f e e t w i d e  a t  t h e  

b a s e ,  a s  shown on F i g u r e  4 .  T h e  g r o u n d - w a t e r  c o l l e c t i o n  

p o r t i o n  of t h e  s y s t e m  w a s  i n s t a l l e d  on t h e  s i d e  o f  t h e  

t r e n c h  away from t h e  l a n d f i l l  w a s t e .  T h i s  system c o n s i s t e d  

of a o n e  f o o t  s a n d  and g r a v e l  b l a n k e t ,  i n s t a l l e d  a l o n g  t h e  

t r e n c h  face. T h i s  b l anke t  was des igned  t o  i n t e r c e p t  ground 

wa te r  and  d r a i n e d  t o  a s ix - inch  OD p e r f o r a t e d  p i p e  i n s t a l l e d  

11 
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i n  t h e  b o t t o m  of t h e  t r e n c h .  The i n t e r c e p t e d  w a t e r s  c o u l d  

t h e n  be discharged t o  t h e  w e s t  pond, east  pond o r  t o  s u r f a c e  

d r a i n a g e s  d o w n g r a d i e n t  o f  t h e  e a s t  pond by a se r ies  o f  

v a l v e s .  On t o p  o f  t h e  s a n d  and  g r a v e l  b l a n k e t ,  a t e n - f o o t  

w i d e  c l a y  s u r f a c e  s ea l  w a s  p l a c e d ,  which s e p a r a t e d  t h e  

ground-water c o l l e c t i o n  system from t h e  leachate c o l l e c t i o n  

system. T h i s  c l a y  seal w a s  designed t o  be c u t  i n t o  bedrock. 

The  leacha te  c o l l e c t i o n  s y s t e m  c o n s i s t e d  o f  a f i v e - f o o t  

t h i c k  gravel b a c k f i l l  p l aced  i n  t h e  bottom of t he  t r e n c h  on 

t h e  l a n d f i l l  side. 

The c o l l e c t e d  l e a c h a t e  and ground water and s u r f a c e  runoff  

w e r e  d i v e r t e d  i n t o  t h e  w e s t  pond. The w e s t  pond was 

c o n s t r u c t e d  t o  r e t a i n  t h e  waters wi thou t  d i scha rg ing  t o  t h e  

e a s t  pond. 

T h e  new e a s t  p o n d  e m b a n k m e n t  w a s  c o n s t r u c t e d  i n  

approximate ly  t h e  same l o c a t i o n  a s  t h e  barr ier  f o r  Pond # 2 ,  

1 , 5 0 0  f e e t  ea s t  of t h e  1 9 7 4  p o s i t i o n  o f  t h e  l a n d f i l l .  The  

new embankment had a s p i l l w a y ,  and  w a s  d e s i g n e d  t o  r e t a i n  

t h e  m a j o r i t y  of  t h e  water i n  t h e  channel. A c u t o f f  t r e n c h ,  

s e t  i n  bedrock,  w a s  c o n s t r u c t e d  w i t h i n  t h e  e a s t  pond 

e m b a n k m e n t  t o  r e d u c e  s e e p a g e  t h r o u g h  t h e  e m b a n k m e n t  

1 4  
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foundation. The previous Pond #1 was subsequently referred 

to as the West Pond. 

In 1977, another geotechnical study (Lord, 1977) was 

conducted for expansion of the landfill, and to locate an 

additional borrow area north of the landfill. 

At the request of Rockwell International, the Colorado 

Department of Health inspected the landfill in 1978 and 

1979. The Department of Health stated the landfill appeared 

to comply with state and federal minimum standards and 

department regulations (Colorado Department of Health, 

1979). The Department of Health determined that a 

certificate of designation for landfilling of wastes was not 

required. 

Between 1977 and 1981, the leachate and ground-water 

collection system was buried during landfill expansion. The 

eastward expansion covered the discharge points of the 

leachate collection system. The west embankment and pond 

were removed in May of 1981 to allow further eastward 

expansion of the landfill. In addition, two slurry walls 

were constructed in 1981 to extend the ground-water barriers 

already in place. The slurry walls were constructed to 

15 
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r e d u c e  g r o u n d - w a t e r  m i g r a t i o n  i n t o  t h e  expanded l a n d f i l l .  

Des ign  d r a w i n g s  of  t h e  c o n s t r u c t i o n  a r e  p r e s e n t e d  i n  

Appendix 1. These s l u r r y  w a l l s  w e r e  c o n n e c t e d  t o  t h e  

e a s t e r n  e n d s  of t h e  g round-wa te r  i n t e r c e p t o r  d i t c h  on t h e  

n o r t h  a n d  s o u t h  a r m s  of t h e  d i t c h  ( F i g u r e  3 ) .  The s l u r r y  

w a l l s  w e r e  t o  t i e - i n  t o  t h e  c l a y  l i n e r  c o n s t r u c t e d  i n  1974. 

The de t a i l s  of  t h e  connec t ion  (Appendix 1) i n d i c a t e  t h e  w a l l  

would ex tend  i n t o  t h e  leachate c o l l e c t i o n  system and cu t -of f  

t h e  sand d r a i n  a t  t h e  connection. T h e  s l u r r y  w a l l s  extended 

eas tward  approximate ly  700 f e e t  from t h i s  po in t .  Based on 

des ign  drawings,  t h e  s l u r r y  w a l l s  varied i n  dep th  from t e n  

t o  2 5  feet and w e r e  t o  be  seated i n  bedrock. 

2 . 3  Prev ious  L a n d f i l l  Operat ions 

2 . 3 . 1  Disposal  P o l i c i e s  

Opera t ions  a t  t h e  l a n d f i l l  have con t inuous ly  evolved s i n c e  

t h e  l a n d f i l l  commenced o p e r a t i o n s  i n  1 9 6 8 ,  i n  r e s p o n s e  t o  

c h a n g e s  i n  t h e  r e g u l a t o r y  s t a t u t e s .  T h e  l a n d f i l l  w a s  

o r i g i n a l l y  c o n s t r u c t e d  t o  p r o v i d e  a n  e f f i c i e n t  a n d  

e c o n o m i c a l  m e a n s  f o r  d i s p o s i n g  o f  t h e  p l a n t ' s  non-  

c o n t a m i n a t e d  s o l i d  w a s t e s .  These  w a s t e s  i n c l u d e d  p a p e r ,  

r ags ,  f l o o r  sweepings,  c a r t o n s ,  mixed garbage and r u b b i s h ,  

16  
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d e m o l i t i o n  mater ia ls  and  m i s c e l l a n e o u s  i t e m s .  I n  October  

1 9 7 2  t h e  p o l i c i e s  c o n c e r n i n g  d i s p o s a l  o f  w a s t e  a t  t h e  

l a n d f i l l  w e r e  reviewed and judged t o  be i n  accordance w i t h  

a p p l i c a b l e  s ta te  and f e d e r a l  r egu la t ions .  

The l a n d f i l l  w a s  n o t  i n t e n d e d  t o  be u s e d  f o r  d i s p o s a l  of 

r a d i o a c t i v e  was tes ,  and  i n  December 1 9 7 2  g u i d e l i n e s  w e r e  

i s s u e d  which addressed b u r i a l  of r a d i o a c t i v e l y  contaminated 

wastes. These g u i d e l i n e s  s e t  l e v e l s  f o r  t h e  p e r m i s s i b l e  

r a d i a t i o n  l i m i t s  o f  w a s t e s  t o  b e  b u r i e d ,  a s  w e l l  a s  t h e  

minimum d e p t h  of b u r i a l  and  t h e  maximum number o f  b u r i a l s  

p e r  y e a r .  

A d d i t i o n a l  g u i d e l i n e s  w e r e  i s s u e d  i n  F e b r u a r y  1 9 7 3  t o  

c o n t r o l  t h e  b u r i a l  o f  s o l i d  a n d  l i q u i d  w a s t e s  i n  t h e  

l a n d f i l l .  Detectable c o n t a m i n a n t  c o n c e n t r a t i o n s  w e r e  

e s t a b l i s h e d  f o r  s p e c i f i c  r a d i o a c t i v e  m a t e r i a l s ,  s u c h  a s  

p l u t o n i u m ,  i n  b o t h  s o l i d  a n d  l i q u i d  p h a s e s .  I n  a d d i t i o n ,  

p r i o r  a p p r o v a l  w a s  r e q u i r e d  f o r  t h e  b u r i a l  o f  "non-  

contaminated b u t  p o t e n t i a l l y  hazardous s o l i d  m a t e r i a l s , "  a n d  

f o r  a l l  l i q u i d s  t o  be d isposed  i n  t h e  l a n d f i l l .  

T h e  H e a l t h  P h y s i c s  O p e r a t i o n  began a program i n  1 9 7 3  o f  

r a d i o a c t i v e  m o n i t o r i n g  and  s c a n n i n g  of t h e  waste  a f t e r  it 

17  
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had been dumped and prior to compaction and burial. A 

logging procedure was instituted at that time to maintain 

control on where the wastes were originating in case of 

potential radioactive contamination. 

In July 1977, a solid waste management plan was prepared to 

establish guidelines and procedures for landfill disposal. 

This plan was prepared in compliance with 40 CFR 241 and 

IAD 0510-35. Material acceptability standards were 

addressed, and guidelines were established for radioactive 

waste disposal. These guidelines stated that Itno 

radioactive materials shall be deposited in the landfill,tt 

and set the basis for acceptance as the limits of 

radioactive material detectability. Further guidelines were 

established to prohibit liquids, Ilspecial itemst1 and 

Itnonroutine wastest1 from being disposed of in the landfill, 

except by special permit. Permits were issued by the Waste 

Management Section and the Hazardous Materials Committee of 

Rockwell International. 

Procedures established by the 1977 Solid Waste Management 

plan included both radiation monitoring and ground-water 

monitoring programs. Radiation monitoring included 

measurements at the point of waste origination and at the 0 
18 
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l a n d f i l l .  T h e  ground-water moni tor ing  program c o n s i s t e d  of 

s a m p l i n g  t h o s e  w e l l s  a t  t h e  l a n d f i l l  s i t e  o n c e  e v e r y  f i v e  

months.  T h e  wa te r  s a m p l e s  w e r e  a n a l y z e d  f o r  p l u t o n i u m ,  

g r o s s  a lpha ,  c o n d u c t i v i t y ,  pH and n i t r a t e .  

T h e  J u l y  1977  s o l i d  waste management p l a n  i s  c u r r e n t l y  i n  

e f f e c t .  

2 . 3 . 2  Disposal  Procedures 

The d i s p o s a l  p r o c e d u r e s  u t i l i z e d  a t  t h e  l a n d f i l l  h a v e  not 

s i g n i f i c a n t l y  changed s i n c e  t h e  l a n d f i l l  went i n t o  o p e r a t i o n  

i n  1968. Waste is d e l i v e r e d  t o  t h e  l a n d f i l l  throughout  t h e  

morning and e a r l y  af ternoon.  I n  mid-afternoon, t h e  d e l i v e r y  

o f  w a s t e  s t o p s  and  t h e  was te  is s p r e a d a c r o s s  t h e  w o r k a r e a .  

I n  1973, a moni tor ing  program was i n i t i a t e d  a t  t h i s  s t a g e  of  

d i s p o s a l .  Measurements of ‘ t he  sp read  waste are made us ing  a 

FIDLER probe ( F i e l d  Ins t rument  f o r  Detec t ion  of Low Energy 

Rad ia t ion ) .  Radioac t ive  i t e m s  have o c c a s i o n a l l y  been found 

s i n c e  t h e  m o n i t o r i n g  p r o c e d u r e  w a s  i n s t i t u t e d .  All s u c h  

i t e m s  have been removed, packaged and  shipped t o  an out-of- 

s t a t e  U.S.  Depa r tmen t  of  Energy  d i s p o s a l  f a c i l i t y .  T h e s e  

moni tor ing  p r a c t i c e s  w e r e  developed a f t e r  t h e  d iscovery  of a 

t r i t i u m  source  wi th in  t h e  l a n d f i l l  wastes. 

21 19 
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After the monitoring is complete, the waste layer is 

compacted and covered with six inches of soil from on-site 

stockpiles. The disposal of wastes continues in this manner 

until the waste layer is within three feet of the final 

elevation. The lift is then completed by the addition of a 

three-foot thick layer of compacted soil. In different 

sections of the landfill, the total landfill thickness 

consists of between one and three such lifts. Based on 

visual observation, some areas of the landfill surface may 

not have received a full three-foot layer of compacted soil. 

2.3.3 Disposal of Solid and Hazardous Wastes 

The landfill was designed for disposal of the plant's non- 

radioactive solid waste, including off ice trash, garbage, 

demolition materials and miscellaneous items. The exclusion 

of detectable radioactive materials from disposal has been 

accomplished by monitoring procedures established in 1973. 

In 1986 and 1987, studies were conducted to identify waste 

streams generated at the Rocky Flats plant (Weston, 1986a, 

b, c and d). At that time, approximately 1,500 waste 

streams were identified. At the time of the study, 338 of 

these waste streams were being sent to the landfill for , ?yO 2 0  
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disposal. This included 241 waste streams identified as 

nonhazardous solid waste, and 97 solid waste streams which 

contained hazardous waste or hazardous constituents. 

The nonhazardous solid waste streams being disposed of in 

the landfill included office trash, empty cans and 

containers, used filters and various electrical components. 

Also included in this waste stream were dried sanitary 

sewage sludge, solid sump sludge and other miscellaneous 

sludges. A summary of these waste streams is given in 

Table I. 

The waste streams identified as hazardous fell into four 

general categories. The first consisted of containers 

partially filled with paint, solvents, degreasing agents and 

foam polymers. Another category was kimwipes and rags which 

were contaminated with the same materials. Filters were 

also included in the hazardous waste streams and were 

typically silicone oil filters, paint filters, oil filters, 

and other used filters which may have contained hazardous 

constituents. The final category consisted of metal 

cuttings and shavings, including mineral and asbestos dust, 

and miscellaneous metal chips coated with hydraulic oil and 

21 
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Table I 
S o l i d  Waste Stream t o  L a n d f i l l  

(1986) 

1 1 1  
1 1 1  
1 1 1  
1 1 1  
1 1 1  
1 1 1  
1 1 1  
1 1 1  
111 
111 
1 1 1  
1 1 1  
121 
121 
123 
123 
123 
123 
123 
124 
124 
124 
124 
124 
125 
125 
130 
130 
130 
130 
130 
130 
130 
223 
331 
33 1 
333 
333 
333 
333 
333 
333 
333 
333 
333 
333 
333 
334 
334 
334 
334 
334 
334 
334 
334 
334 
335 __. 

373 
439 
439 e ,  439 ._- - - - - -  

WASTE 
NO. - - - - - - - -  
06780 
06630 
0661 0 
06820 
06680 
06640 
06690 
06670 
06800 
06650 
06760 
06740 
04810 
04780 

03080 
03000 
02880 
03070 
01910 
00010 
00020 
00030 

02830 

01660 
02550 
02730 
07350 
07400 
07330 
07390 
07360 
07380 
07340 
06840 
06430 
06440 
06230 
06220 
06110 
06210 
06140 
06080 
06200 
06180 
06130 
06150 
06090 
07050 
07060 
07110 
06950 
07250 
07140 
07160 
07120 
07130 
07040 
1 1640 
00070 
00110 
00060 - _ _ _ _ _ _ _  

developer and f i x e r  containers 
kimuipes and rags 
toner and dispersant containers 
empty developer and f i x e r  container 
empty solvent containers 
empty toner containers 
kimuipes and rags 
empty ink cans 
kimwipes and filmpacks 
demineralizer system f i l t e r s  
kimwipes and rags 
empty chemical containers 
s o l i d  waste 
gun patches 
waste r e s i n  
batteries,metalwire,used elec.comp. 
empty v i a l s  
waste r e s i n  
kimuipes 
s e t t l i n g  basin sludge 
microst ra iner  backwash 
c l a r i f i e r  underflow 
sand f i l t e r  backwash 
d r i e d  sludge 
k i mu i pes 
o i l  f i l t e r s  
copy machine toner 
re jected bags 
Polaro id  f.i l m  backings 
kimw i pes 
packing materials 
water condit ioning f i l t e r s  
f l o o r  sweepings 
compressor o i l  f i l t e r  
o i l  f i l t e r s  and used pa r t s  
p a i n t  and b o d y - f i l l e r  cans 
shavings 
sawdust 
f i 1 t e r s  
b l a s t  waste 
empty cans 
empty pa in t  cans 
scrapings 
empty cans 
rags 
disposed equipment 
empty pa in t  cans 
wood/plastic shavings 
f l o o r  scrap 
other metal waste 
enamel residue 
miscellaneous s o l i d  waste 
scrap metal 
f luorescent l i g h t  tubes 
used f i l t e r s  
metal and s i l i c a  waste 
f i r e  extinguisher chemicals 
sump sludge 
kimwipes and rags 
empty cans and containers 
metal chips -__.--.____-__..__-____________.___._ 

empty containers 
s o l i d  
empty containers 
empty containers 
empty containers 
empty containers 
s o l i d  
empty containers 
so l'i d 
s o l i d  
s o l i d  
empty containers 
s o l i d  
s o l i d  
aqueous 
s o l i d  
so l  i d  
s o l i d  
s o l i d  
aqueous 
aqueous 
aqueous 
aqueous 
s o l i d  
so l  i d  
s o l i d  
empty containers 
so l  i d  
so l  i d  
so l  i d  
s o l i d  
s o l i d  
so l  i d  
so l  i d  
so l  i d  
s o l i d  
so l  i d  
so l  i d  
so l  i d  
s o l i d  
empty containers 
s o l i d  
s o l i d  ~ 

empty containers 
s o l i d  
s o l i d  
s o l i d  
s o l  i d  
so l  i d  
metal 
so l  i d  
metal 
metal 
so l  i d  
so l  i d  
so l  i d  
aqueous 
s o l i d  
s o l i d  
empty containers 
metal ___________- - -_ .___- - .  
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10 lbs /yr  
240 
3 

100 
3 
10 
240 
12 
100 
24 
100 
100 
100 
50 
3 

500 
100 
50 

500000 200 ga l / y r  

180000 ga l / y r  
1500000 ga l / y r  
1500000 ga l / y r  

5000 lbs/yr  
100 
5 

100 
200 
100 
100 
100 

5 
100 

1 
500 
200 
100 
100 
200 
1500 
100 
200 
200 
100 
300 

1000 
500 
500 
200 
500 
100 
500 
500 

1000 
2 '  

500 200 gal /yr  

100 lbs/yr  
200 
100 

.__._.-___.----- 500 

as needed 
cont i nous 
2 per month 
as needed 
1 per month 
3 per week 
cont i nous 
3-4 per month 
as needed 
1 per month 

as needed 
in te rm i t tan t  
continuous 
batch 
continuous 
batch 
batch 
continuous 
batch 
sumner operation 
continuous 
in te rm i t ten t  
once/ 6 months 
continuous 
in te rm i t tan t  
as needed 
as needed 
as needed 
as needed 
in te rm i t ten t  
twice per month 
as needed 
1 f i l t e r / 2  years 
d a i l y  
as needed 
d a i l y  
as needed 
weekly 
as needed 
as needed 
as needed 
as needed 
as needed 
as needed 
as needed 
as needed 
cont inous 
d a i l y  

i n te rm i t ten t  
dai l y  
d a i l y  
as needed 
as needed 
in te rm i t ten t  
as needed 
year ly  
as needed 
as needed 
d a i l y  - - - . - - - . -___--_____.  
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Table I 
So l id  Waste Stream t o  L a n d f i l l  

(1986) 

439 
440 
440 
440 
440 
440 
44 1 
442 
442 
445 
445 
445 
445 
445 
445 
449 
449 
449 
454 
457 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 

3' 

00090 
00140 
00180 
00160 
01390 
00200 
00220 
00260 
00250 
15340 
15280 
15260 
15290 
15270 
15300 
11070 
11060 
11090 
11890 
11860 
00910 
00940 
23630 
00600 
23770 
00770 
23690 
00880 
01000 
23710 
00370 
01080 
00840 

23800 
00460 
01310 
23680 
00640 
23850 
00810 
01090 
23700 
00930 
01360 
23660 
01060 
00890 
01050 
01200 
01230 
00710 
00710 
00490 
00950 
01 140 
00570 
00750 
23780 
00380 
01280 

ai2so 

WASTE NAME - -____-__________.- - - - - .  
k i mui  pes 
aluminum and ss t  chips 
kimwipes and rags 
empty containers 
kimuipes and rags 
kimwipes and rags 
toner 
resp i ra to r  car t r idges 
de fec t i ve  HEPA f i l t e r s  
t rash 
trash 
carbon dust 
s tee l  shavings 
carbon scraps 
s tee l  scraps 
raqs 
empty p a i n t  cans and containers 
miscellaneous trash 
sump sludge 
sump sludge 
used kimuipes and f l o o r  d r y  
used kimuipes 
b i ju r  f i l t e r  screen 
used kimwipes and rags 
bi jur f i l t e r  screen 
used o i l  f i l t e r s  
a i r  f i l t e r  
metal chips 
used kimuipes 
b i ju r  f i l t e r  screen 
used o i l  f i l t e r s  
k i mu i pes 
used kimwipes and f l o o r  dry 
kimwipes and rags 
b i j u r  f i l t e r  screen 
used kimwipes and rags (vap) 
k i mi pes 
hydraul ic  i n t a k e ' f i l t e r  
kimwipes and rags 
a i r  i n l e t  f i l t e r  
metal chips 
empty pa in t  cans 
b i jur  f i l t e r  screen 
used f i l t e r s  
kimwipes and f l o o r  dry  
hyd rau l i c  system f i l t e r  
discarded containers 
used k i mu i pes 
metal chips 
empty chem. and solvent containers 
kimwipes w/Freon 
kimwipes, gloves and gauze 
used kimwipes, gloves and gauze 
used kimwipes and gloves 
used kimwipes and f l o o r  dry 
kimwipes and rags 
nuocure 
metal chips 
b i j u r  f i l t e r  screen 
used kimuipes and gauze 
kimwipes and f l o o r  d ry  

WASTE TYPE _.._._____-_--._-------- 
s o l i d  
metal 
s o l i d  
empty containers 
s o l i d  
s o l i d  
empty containers 
s o l i d  
s o l i d  
s o l i d  
s o l i d  
so l  i d  
metal 
s o l i d  
metal 
organic 
empty containers 
s o l i d  
s o l i d  
s o l i d  
s o l i d  
so l  i d  
s o l i d  
s o l i d  
so l  i d  
sol i d  
s o l i d  
metal 
s o l i d  
s o l i d  
s o l i d  
s o l i d  
so l  i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
metal 
empty containers 
s o l i d  
s o l i d  
s o l i d  
s o l i d  
empty containers 
s o l i d  
metal 
empty containers 
sol i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
so l  i d  
s o l  i d  
metal 
s o l  i d  
so l  i d  
so l  i d  

200 l bs / y r  
500 
500 
100 
500 
500 
100 
100 
50 
500 
500 

20800 
5000 
10000 
5000 
200 
10 

660 
800 
200 
0 

302 
2 

200 

70 
2 
0 

55 
2 
20 
150 

0 1  
165 

280 
50 
2 

110 

0 
100 

2 
1800 
20 
2 

100 
0 

300 
100 
165 
0 

580 
110 
110 
165 
100 
0 

150 
40 
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as needed 

as needed 
as needed 

as needed 
as needed 

as appropriate 
continuous 
continuous 
continuous 
continuous 
continuous 
continuous 

in te rm i t ten t  
i n te rm i t ten t  
as needed 
as needed 
once/6 mon 
as needed 
once/6 mon 
as needed 
once/6 mon 
t o  be determined 
as needed 
once/6 mon 
4 per year 
as needed 
as needed 
as needed 

as needed 
as needed 
once/6 mon 

once/6 mon 
t o  be determined 

once/6 mon 
t o  be determined 
as needed 
once/6 mon 
in te rm i t ten t  
as needed 
t o  be determined 
in te rm i t ten t  
as needed 
as needed 
as needed 
as needed 
as needed 
as needed 

t o  be determined 

as needed 
as needed 
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460 
460 
460 
460 ' 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
551 
551 
551 
560 
563 
662 
662 
662 
664 
664 
664 
70 1 
705 
705 
70 5 
705 
705 
705 
705 
705 
708 
709 
71 1 
71 2 
713 
732 
75 0 
75 0 
75 0 
75 0 
75 0 
75 0 
770 e 770 

WASTE 
NO. ._.___._ 

00820 
00830 
01110 
01100 
00450 
01270 
23650 
23790 
01240 
09000 
23640 
23750 
01 190 
01340 
01170 
01120 
00630 
01110 
23740 
23720 
01070 
00760 
01320 
01180 
00780 
00980 
01010 
06320 
063 10 
06300 
11810 
20580 
04040 
04000 
04030 
17500 
17510 
17590 
17620 
20280 
20240 
20300 
20250 
20620 
20060 
20310 
20410 
10650 
11700 
20530 
20590 
20600 
15020 
09100 
09020 
09110 
09070 
09060 
09090 
22570 
22650 

used kimuipes 
used o i l  f i l t e r s  
empty containers 
kimwipes and rags 
used kimwipes and rags (u l t )  
k i mui pes 
apron f i l t e r  
b i jur  f i l t e r  screen 
empty containers 
used o i l  f i l t e r s  
t u r r e t  res. f i l t e r  
i n l i n e  coolant f i l t e r  
kimui pes 
kimuipes and rags 
sludge 
kimwipes and rags 
f i l m  packs 
empty containers 
rough i n l i n e  f i l t e r  
o i l  f i l t e r  
used kimuipes and f l o o r  d ry  
used kimuipes 
kimuipes 
used o i l  f i l t e r s  
used kimuipes and f l o o r  d r y  
metal chips 
used o i l  f i l t e r s  
metal cu t t i ngs  
spray pa in t  cans 
kimuipes and degreasing residue 
sump sludge 
sump sludge 
used f i l t e r s  
k i mui pes 
broken pa r t s  
empty containers 
used rags 
s o l i d  waste 
s o l i d  waste 
kimw i pes 
po l i sh ing  pads 
metal and glass scraps 
kimw i pes 
dumps t e r 
kimwi pes 
o f f i c e  t rash 
sump sludge 
HEPA f i 1 t e rs  
sump sludge 
smp sludge 
sump sludge 
sump sludge 
f i l t e r s  
empty toner/developer containers 
empty f ixer/developer containers 
kimw i pes 
m ic ro f i lm  wrapper 
empty containers 
kimwi pes 
rags 
combust i bles 

s o l i d  
s o l i d  
empty containers 
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
empty conta iners 
s o l i d  
sol i d  
so l  i d  
so l  i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
empty containers 
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
metal 
s o l i d  
metal 
empty containers 
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
empty containers 
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
so l  i d  
so l  i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
sol i d  
so l  i d  
s o l i d  
s o l i d  
empty containers 
empty containers 
s o l i d  
so l  i d  
empty containers 
sol i d  
s o l i d  
sol i d  

0 lbs/yr  
100 0 

165 
280 
40 

2 

100 
0 
2 
2 

100 
60 

1200 
165 
48 

100 
2 
2 

48 
24000 

200 
2000 
350 

40 
15 

300 
100 
300 
200 
200 

20 
200 
100 
100 
200 
500 
200 

1 
2 

100 
3 

20 
1000 

20 
200 
200 
200 
200 
200 
300 

3 
100 
100 
100 
100 
100 
365 

4700 _____- . .  

GENERATION 
FREQUENCY ----------.--------- 

as needed 
as needed 
in te rm i t ten t  
as needed 
as needed 
as needed 
once/6 mon 
once 6/mon 
as needed 
t o  be determined 
once/6 mon 
once/6 mon 
as needed 
as needed 
t o  be determined 
as needed 

in te rm i t ten t  
once/6 mon 
once/6 mon 
as needed . 
as needed 
as needed 
weekly 
as needed 

as needed 

1 t o  2 years 
i n te rm i t ten t  
i n te rm i t tna t  
continuous 
as occurs 
da6 l y  
d a i l y  
continuous 
d a i l y  
as needed 
as needed . 
d a i l y  
as needed 

as needed 
d a i l y  
continuous 
PMO schedule 
varjes 
varies 
varies 
varies 
once per month 
in termi t tent  
as required 
i n te rm i t ten t  
continuous 
in termi t tent  
in termi t tent  
occasionally 
d a i l y  - . - - - - - - - . -________ 
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770 
771 
77 1 
771 
77 1 
776 
776 
776 
776 
778 
778 
778 
778 
778 
778 
778 
778 
779 
779 
779 
779 
779 
779 
779 
779 
779 
779 
783 
850 
865 
865 
865 
865 
88 1 
88 1 
88 1 
88 1 
88 1 
885 
886 
910 
91 0 
966 
980 
980 
980 
980 
980 
980 
980 
980 
980 
980 
991 
99 1 

T750 
7750 
7750 _ _ _ _ _ _  

22640 
22250 
22470 
22450 
22460 
12020 
12010 
12030 
12040 
15040 
15210 
15050 
15060 
15090 
15210 
15140 
15310 
19050 
15480 
15400 
19060 
15730 
15460 
19200 
15410 
19190 
15450 
1 1780 
04940 
04240 
04280 
04290 
04330 
04670 
04620 
0471 0 
0461 0 
05070 
05110 
03190 
06360 
07560 
06840 
06550 
06980 
06590 
06530 
06520 
06500 
06570 
065 10 
06490 
06580 
07510 
07500 
060 10 
06040 
06020 _ _ _ _ _ _ _  

Table I 
So l id  Waste Stream t o  L a n d f i l l  

(1986) 

metal chips/scraps 
empty containers & surg ica l  gloves 
p l a s t i c  scraps 
metal chips 
combustibles 
wood 8 p l a s t i c  chips/dust 
empty containers 
s o i l e d  kimuipes 
empty containers 
t rash i n  canis ters  
sani tary  trash 
metal/wood shavings 
sani tary  t rash 
sani tary  trash 
metal/wood shavings 
t rash 
sani tary  t rash 
sani tary  trash 
t rash 
k i  rnui pes 
metal shavings/fines 
water c h i l l e r  f i l t e r s  
p l a s t i c s  grindings 
machine f i nes  
mixed trash 
sani tary  trash 
grindings metal 
sump sludge 
toner and dispersant b o t t l e s  
s ta in less s tee l  g r i nd ing  paper 
mold compound 
photography l a b  s o l i d  wastes 
metal scraps 
aerosol, pa in t  and th inner  cans 
d i r t y  kimwipes 
uncontaminated s o l i d  Waste 
other metal chips 
rags and kimuipes 
rags 
copy machine waste 
diatomaceous ear th  
wastewater sludge 
empty containers 
k i mu i pes 
sawdust soaked w i th  o i l  seepage 
metal scrap 
metal scrap 
f iberg lass res ins and cata lysts  
metal scraps 
o i l y  rags 
rags wi th  mineral s p i r i t s  
empty containers 
o i l y  rags 
toner & dispersant containers 
empty pa in t  containers 
empty toner/dispersant containers 
k i mui pes 
so i l ed  kimwipes 

metal 
s o l i d  
s o l i d  
metal 
s o l i d  
s o l i d  
empty containers 
s o l i d  
empty containers 
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
so l  i d  
s o l i d  
metal 
s o l i d  
organic 
metal 
s o l i d  
so l  i d  
metal 
s o l i d  
empty containers 
s o l i d  
s o l i d  
s o l i d  
metal 
empty containers 
s o l i d  
s o l i d  
metal 
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
empty containers 
s o l i d  
s o l i d  
metal 
metal 
s o l i d  
metal 
s o l i d  
s o l i d  
empty containers 
s o l i d  
empty containers 
empty containers 
empty containers 
so l  i d  
s o l i d  

WANT I T Y 
GENERATED UNITS _________. _ _ _ _ _  

3276 lbs /yr  
5000 
2900 
3275 
5000 

10400 
100 

2080 
2080 

800 
500 

2000 
500 
500 

2000 
1000 
500 

1300 
1000 
480 
300 

10 
500 ga l / y r  
300 Lbs/yr 
500 
500 

1000 
200 

5 
6 

50 
240 
260 
200 
200 

5000 
600 
100 
100 
40 

54750 
0 

100 
1500 
900 

5000 
2000 
1000 
5000 
480 

1480 
100 
480 
100 
100 

100 
100 

100 

- _ _ - - - _ - _ - - - - _ . . - _ _ _ .  

GENERATION 
FREQUENCY __________________. .  

biweekly 
every 2 weeks 
d a i l y  
weekly 
d a i l y  
weekly (200 lbs./wk) 
occasional ly 
weekly (40 Lbs/uk) 
weekly (40 lbs/uk) 
continuous 
continuous 
continuous 
cont i nuous 
continuous 
continuous 
continuous 
continuous 
continuous 
continuous 
p e r i o d i c a l l y  
continuous 
monthly 
continuous 
continuous 
continuous 
continuous 
continuous 
in te rm i t ten t  
i n te rm i t tan t  
per year 

as needed 

weekly/monthly 
i n te rm i t tan t  I 

i n te rm i t ten t  
d a i l y  
d a i l y  
d a i l y  
d a i l y  
i n te rm i t ten t  
d a i l y  
d a i l y  
d a i l y  
i n te rm i t ten t  
d a i l y  
month 1 y 

monthly 
as needed 
as needed - - - - - - - -_- -_______. . .  
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carbon tetrachloride. A summary of the hazardous waste 

streams is shown in Table 11. 

2.3.4 ' Volumes of Waste 

The landfill began operation in 1968, and for the following 

ten years received approximately 20 cubic yards of compacted 

waste per work day. After that time, the daily volume the 

landfill received increased to approximately 30 cubic yards 

of compacted waste per work day. 

Using available topographical maps, reported daily disposal 

rates and geotechnical reports (Woodward-Clevenger, 1974), 

the volume of the landfill was calculated at three stages of 

the landfill's history. 

In 1974, the landfill occupied an area of approximately 

300,000 square feet. Using the Woodward-Clevenger report 

and the average end area method, the volume occupied by the 

landfill was calculated to be about 95,000 cubic yards. Of 

this total, the cover material occupied 30,000 cubic yards. 

The remaining 65,000 cubic yards consisted of compacted 

waste intermixed with the daily cover material placed during 

disposal. 

26 
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1 1 1  
123 
123 
123 
123 
125 
125 
125 
334 
367 
377 
440 
440 
LfbO . ._  
440 
440 
440 @ ': 440 
440 
440 
440 
443 
444 
444 
453 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 - - - - . . . 

06700 
03100 
03 120 
02930 
03160 
02560 
02640 
02580 
07070 
06930 
09960 
01500 
00120 
01460 
01410 
00390 
00170 
01470 
0 1480 
01440 
01420 
00320 
14120 
11920 
11130 
23520 
23560 
01640 
23540 
2361 0 
02350 
02460 
23620 
02300 
01750 
23510 
02290 
02480 
02440 
01650 
01830 
02280 
01600 
23580 
02270 
02370 
23550 
01370 
02390 . - _ _ _ _ _  

Table I 1  

(1986) 
Hazardous Waste Stream t o  L a n d f i l l  

f i l m  packs and pos i t ives 
broken badges 
waste v i a l s  
waste r e s i n  
waste r e s i n  
f i l t e r s  
s i l i c o n e  o i l  f i l t e r s  
k i  mu i pes 
mineral and asbestos dust 
empty cans, bags and containers 
o i l  f i l t e r s  
kimwipes and rags from pa in t  booth 
composite kimwipe drum 
foam tr imnings 
empty p a i n t  cans 
metal c h i p  dumpster 
R-compound 
kimwipes and rags 
kimwipes and rags 
kimwipes and rags 
pa in t  f i l t e r s  
contaminated rags 
sst, i r o n  metal chips 
sump sludge 
paper towels 
metal chips 
metal chips 
a i r  f i l t e r s  
metal chips 
metal chips 
metal chips 
metal chips 
metal chips 
metal chips 
metal ch ip  composite 
metal chips 
metal chips 
metal chips 
metal chips 
water f i l t e r s  
water f i l t e r s  ( x - ray )  
metal chips 
compressor f i l t e r s  
metal chips 
metal chips 
metal chips 
metal chips 
f i l m  packs 
metal chips -----------_.---.____._____________ 

s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
empty containers 
s o l i d  
s o l i d .  
sol  i d  
s o l i d  
empty containers 
s o l i d  . 
organic 
s o l i d  
sol  i d  
sol  i d  
s o l i d  
s o l i d  
metal 
s o l i d  
s o l i d  
metal 
metal 
sol i d  
metal 
metal 
metal 
metal 
metal 
metal 
metal 
metal 
metal 
metal 
metal 
so l  i d  
so l  i d  
metal 
s o l i d  
metal 
metal 
metal 
metal 
so l  i d  
metal 

50 l bs / y r  
as occurs 

batch 

200 batch 

5 as required 
100 Change once/year 

100 

5 
5 

as needed 
continuous 
var ies 
i n te rm i t ten t  

100 continuous 
200 as appropriate 
100 as needed 

5 pmo schedule 
500 
600 
200 
100 

2000 
2640 
500 
500 
500 
300 
200 
1200 
200 

2 
0 
0 
0 
0 
0 
0 
0 
0 
0 

100000 
0 
0 
0 
0 
0 
50 
0 

40 
0 
0 
0 
0 

30 
0 
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Table I 1  

(1986) 
Hazardous Waste Stream t o  L a n d f i l l  

BUILDING WASTE 
NO. NO. WASTE N 

460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
528 
549 
562 
668 
705 
708 
727 
771 
771 
77 1 
775 
776 
776 
776 
776 
776 
776 
779 
780 
780 
88 1 
88 1 
881 
886 
886 
910 
991 

02410 
02500 
23570 
02340 
00590 
02320 
02400 
23590 
0 1780 
02380 
02330 
01580 
02360 
02450 
23600 
23530 
02310 
23470 
02430 
02490 
02420 
15360 
07300 
09840 
09570 
20180 
10690 
09520 
2201 0 
22230 
22210 
22030 
12120 
12130 
12100 
12000 
12180 
12090 
19730 
09590 
09580 
04660 
04760 
03240 
03180 
03200 
06340 
07490 

metal chips 
metal chips 
metal chips 
metal chips 
mercury l i g h t  bulbs 
metal chips 
metal chips 
metal ch ips 
emp>y containers 
metal chips 
metal chips 
kimwipes and rags 
metal chips 
metal chips 
metal chips 
metal chips 
metal chips 
metal chips 
metal chips ' 

metal chips 
metal ch ips 
kimwi pes 
empty containers 
paper towels with o i l  
rags w i th  methyl alcohol 
k i  mu i pes 
rags w/freon and tr ichloroethane 
paper towels w i th  o i l / f r e o n  TF 
deionizer exchange r e s i n  column 
bot t les, cartons, gloves, kimw i pes 
l i q u i d  chemical containers 
trash paper 
so i l ed  kimwipes 
empty containers 
empty containers 
so i l ed  kimwipes 
so i l ed  kirnwipes 
so i l ed  kimwipes 
metal chips 
rags w i th  t r ich loroethane 
empty p a i n t  cans 
metal and p l a s t i c  chips 
d i r t y  kimwipes 
waste r e s i n  
kimwi pes 
chemicals i n  cabinet 
f i l t e r  backwash 
re jec t  r i n g s  

metal 
metal 
metal 
metal 
sol  i d  
metal 
metal 
metal 
empty containers 
metal 
metal 
s o l i d  
metal 
metal 
metal 
metal 
metal 
metal 
metal 
metal 
metal 
s o l i d  
empty containers 
s o l i d  
sol  i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
so l  i d  
s o l i d  
s o l i d  
empty containers 
empty containers 
s o l i d  
s o l i d  
s o l i d  
metal 
s o l i d  
s o l i d  
s o l i d  
so l  i d  
s o l i d  
so l  i d  
organic 
aqueous 
s o l  i d  

0 
0 
0 
0 
5 
0 
0 
0 

100 
0 
0 

165 
0 
0 
0 
0 
0 
0 
0 
0 
0 

10 
100 

50 
15 

200 

20 

100 
c 
-1 

15000 
4000 

200 
365 
365 
365 

1200 
4000 

365 
10000 

50 
50 

10000 
100 

4 
10 
50 

100000 
1880 ._ .______- -____- -  

p e r i o d i c a l l y  
as needed 
var ies 
i n te rm i t tan t  
as needed 

in te rm i t tan t  
year ly  
continuous 
continuous 
none 
d a i l y  
d a i l y  
d a i l y  
once per day 
d a i l y  
d a i l y  
2/week 
infrequent 
infrequent 

continuous 

infrequent 
weekly 
weekly - - - - - . - -_-_____-________ 
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As d i s p o s a l  continued af ter  1 9 7 4 ,  mater ia l  w a s  p laced  i n  t h e  

c o l l e c t i o n  t r e n c h e s  and t h e  face  o f  t h e  m a t e r i a l  w a s  

advanced,  e v e n t u a l l y  f i l l i n g  i n  t h e  w e s t  pond area.  T h e  

volume o f  t h e  l a n d f i l l  i n  1 9 8 6  w a s  c a l c u l a t e d  by u s i n g  

t o p o g r a p h i c a l  maps and by c a l c u l a t i n g  t h e  volume o f  t h e  

c o l l e c t i o n  t r e n c h e s .  T h i s  c a l c u l a t i o n  s h o w e d  t h a t  

a p p r o x i m a t e l y  1 6 0 , 0 0 0  c u b i c  y a r d s  o f  m a t e r i a l  had been  

dumped between 1974 and 1986, f o r  a t o t a l  l a n d f i l l  volume of 

255,000 cubic  yards.  T h i s  volume of mater ia l  i n c l u d e s  s o l i d  

w a s t e s ,  wastes w i t h  hazardous c o n s t i t u e n t s ,  and s o i l  cover  

m a t e r i a l .  

Between 1986 and 1988, waste has r e p o r t e d l y  been d isposed  a t  

a r a t e  o f  115 c u b i c  y a r d s  p e r  work day.  Assuming 2 6 0  work 

d a y s  p e r  y e a r  f o r  t w o  y e a r s ,  a p p r o x i m a t e l y  $ 0 , 0 0 0  c u b i c  

y a r d s  o f  w a s t e  m a t e r i a l  have  been  d i s p o s e d  s i n c e  1986.  

T h i s  waste material c o n s i s t s  of s o l i d  waste streams. Wastes 

w i t h  hazardous c o n s t i t u e n t s  ceased t o  be d isposed  of i n  t h e  

l a n d f i l l  i n  November, 1986 .  I t  is e s t ima ted  t h a t  d a i l y  

cover  volumes a r e  about 2 5  percent  of t h e  volume of mater ia l  

d i s p o s e d .  The t o t a l  volume o f  m a t e r i a l  i n  t h e  l a n d f i l l  a t  

p r e s e n t  is e s t i m a t e d  t o  be  a p p r o x i m a t e l y  3 3 0 , 0 0 0  c u b i c  

yards .  
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2.3.5 Spray Fields and Collection Systems 

After construction of the two retention ponds in 1973, 

surface runoff and ground water and leachate collected in 

the systems discharged to these ponds. There is no 

documentation of the flow of waters collected by the 

collection systems. 

the leachate collection system and west pond were buried. 

When the landfill was expanded in 1981, 

Until January of 1974, the water collected in the ponds was 

pumped to the solar evaporation ponds. At that time it 

became necessary to dispose of the water elsewhere, and the 

water was diverted to a manhole northwest of Building 990. 

This line discharged to Pond B-2. 

By September 1975, the water was no longer pumped to the 

manhole but was sprayed on sprayfields adjacent to the 

landfill. One of these sprayfields was a 3- to 3 l/2-acre 

plot, located approximately 1,000 feet northwest of the east 

pond, as shown on Figure 2. This north sprayfield was used 

for spraying water collected in the west pond. Initially 

the spray line ran approximately north-south: however, in 

about 1975 the line was moved to an east-west direction as 

shown on Figure 2 .  
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Two other sprayfields were located along the banks of the 

east pond, as shown on Figure 2. These sprayfields were 

used for spray evaporation of water collected in the east 

pond. 

Prior to spraying activities, the water was tested to ensure 

that the acceptability criteria for spraying were met. 

Water quality testing, summarized in Appendix 6 ,  indicates 

leachate collection and some organic constituents in the 

west pond waters. East pond water showed no impacts from 

the landfill. 

Guidelines for acceptability for spraying were issued by the 

Environmental Control and Analysis Group of Rockwell, to 

ensure that water sprayed from the pond would not cause 

erosion or other harm to the environment in, around or 

downstream of the site. These guidelines included weekly 

water grab samples and procedures for obtaining 

authorization for spraying. Authorization was obtained from 

the Manager of Environmental Analysis and Control's off ice. 

The weekly grab samples were analyzed for gross alpha, gross 

beta, gamma emitting isotopes and tritium. Control guides 

were established for each parameter. 
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Spraying on t h e  n o r t h  s p r a y f i e l d  ceased i n  t o  1981. 

2 .3 .6  Monitoring A c t i v i t i e s  

A f t e r  t h e  d i s c o v e r y  i n  1 9 7 3  o f  t r i t i u m  i n  t h e  l a n d f i l l  

d r a i n a g e ,  o v e r  5 0  m o n i t o r i n g  w e l l s  w e r e  i n s t a l l e d  i n  t h e  

l a n d f i l l .  These w e l l s ,  l e a c h a t e  g e n e r a t e d  by t h e  l a n d f i l l ,  

and  g r o u n d  water i n t e r c e p t e d  by t h e  i n s t a l l e d  s y s t e m  w e r e  

monitored and analyzed f o r  t r i t i u m .  

I t  w a s  found t h a t  t h e  t r i t i u m  c o n c e n t r a t i o n s  w i t h i n  t h e  

l a n d f i l l  d e c r e a s e d  t o  t h e  eas t .  T h e  i n t e r c e p t e d  g round  

w a t e r ,  when a n a l y z e d  i n  1 9 7 4 ,  w a s  f o u n d  t o  h a v e  t r i t i u m  

c o n c e n t r a t i o n s  i n  t h e  range of background v a l u e s .  

T h e  s u r f a c e  w a t e r  c o l l e c t e d  i n  t h e  w e s t e r n  pond w a s  

monitored from 1 9 7 4  u n t i l  removal of  t he  pond i n  1981. The 

t r i t i u m  c o n c e n t r a t i o n  measured s t e a d i l y  decreased  w i t h  t i m e ,  

and w e r e  w i t h i n  measured background v a l u e s  when t h e  pond was 

removed. 

M o n i t o r i n g  o f  t r i t i u m  l e v e l s  i n  t h e  s u r f a c e  w a t e r s  and  

ground water i n  t h e  l a n d f i l l  area ceased i n  1981. 
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2.4 Current Landfill Operations 

2.4.1 Disposal Policies and Procedures 

The solid waste management plan established in 1977 is still 

the basis for disposal policies at the landfill. 

additionally, in November 1986, the waste streams identified 

as hazardous in the 1986 studies (Weston, 1986a, b, c and d) 

were no longer disposed of in the landfill. 

The disposal procedures outlined in Section 2.3.2 are the 

procedures used for landfill disposal at this time. The 

solid waste streams designated for the landfill are 

typically placed in trash cans, drums, dumpsters or plastic 

bags. The waste containers are collected throughout the 

day, and are then disposed of as discussed in Section 2.3.2. 

In October of 1988, an independent off-site contractor will 

begin removal and disposal of portions of the wastes 

currently going to the landfill. The amount of wastes 

removed and disposed of off-site will increase over time. 

By June 1, 1989, all currently landfilled wastes will be 

disposed of off-site and the existing landfill will become 

inactive. 
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2.4.2 Disposal of Solid and Hazardous Wastes 

The studies performed in 1986 identified 338 waste streams 

being disposed of in the landfill (Weston, 1986a, b, c and 

d). Of these waste streams, 97 reportedly contained 

hazardous constituents or hazardous waste. 

In 1987, recommendations were made which outlined where the 

waste streams identified at the Rocky Flats Plant should be 

disposed (Weston, 1987). The recommendations for the 

landfill identified 144 waste streams to continue to be 

disposed of in the landfill. These waste streams were solid 

waste with no hazardous constituents, as shown in Table 111. 
0 

In the fall of 1986, wastes with hazardous constituents 

ceased to be disposed of in th,e landfill. This policy was 

implemented through the tightening of administrative 

procedures and the implementation of the findings of the 

Waste Stream Identification and Characterization Reports 

(Weston, 1986a, b, c, d, 1987). 
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Bldg. 
No. 

111 
111 
111 
111 
111 
111 
111 
111 
111 
121 
123 
123 
124 
124 
124 
124 
124 ' 
130 
130 
130 
130 
130 
331 
331 
333 
333 
333 
333 
333 
333 
333 
333 
333 
334 
334 
334 
334 
334 
335 
367 
439 
440 
440 

Waste 
No. 

06610 
06640 
06650 
06670 
06680 
06700 
06740 
06780 
06820 
04810 
03000 
03120 
0001 0 
00020 
00030 
01660 
01910 
07350 
07360 
07380 
07400 
07430 
06430 
06440 
06080 
06090 
061 10 
06140 
06180 
06200 
06210 
06220 
06230 
07050 
07060 
07070 
07130 
07250 
07040 
06930 
00110 
01440 

Date: June 1, 1988 
Rev is ion :  0 

Table I 1 1  
Recommended So l i d .Was te  Stream t o  L a n d f i l l  

(1987) 

Waste Name 

Toner and d i s p e r s a n t  c o n t a i n e r s  
Empty t o n e r  c o n t a i n e r s  
D e m i n e r a l i z e r  system f i l t e r s  
Empty i n k  cans 
Empty s o l v e n t  c o n t a i n e r s  
F i l m  packs 
E m p t y  chemical  c o n t a i n e r s  
Developer  and f i x e r  c o n t a i n e r s  
E m p t y  developer  and f i x e r  c o n t a i n e r s  
S o l i d  waste 
Empty v i a l s  
Waste v i a l s  
M i c r o s t r a i n e r  backwash 
C l a r i f i e r  under f l ow  
Sand f i l t e r  backwash 
D r i e d  Sludge 
S e t t l i n g  b a s i n  s ludge 
Copy machine t o n e r  
Pack ing m a t e r i a l s  
Water c o n d i t i o n i n g  f i l t e r s  
Re jec ted  bags 
F l o o r  sweepings 
O i l  f i l t e r s  and used p a r t s  
P a i n t  and b o d y - f i l l e r  cans 
Empty p a i n t  cans 
Empty p a i n t  cans 
F i l t e r s  
Empty cans 
Empty cans 
Scrapings 
B l a s t  waste 
Sawdust 
Shavings 
Wood/p last ic  shavings 
F l o o r  s c r a p  
M i n e r a l  and asbestos dus t  
Me ta l  and s i l i c a  waste 
M isce l l aneous  s o l i d  waste 
F i r e  e x t i n g u i s h e r  chemicals 
Empty cans, bags and c o n t a i n e r s  
Empty cans and c o n t a i n e r s  
Kimwipes and rags 

01410 Empty p a i n t  cans 

Puant. 
Gen. 

3 lbs/yr. 
10 ' 

24 
12 

3 
50 

100 
10 

100 
100 
100 
100 

180000 g a l / y r .  
1500000 
1500000 

5000 Lbs/yr. 
500000 ga l /Y r .  

100 l b s / y r .  
100 

5 
200 
100 
500 
200 
200 
500 
200 
100 
100 
200 

1500 
100 
100 
500 
200 
200 
500 
500 
200 g a l / y r .  
100 l b s / y r .  
100 
500 
100 

Genera t i on  
Frequency 

2 p e r  month 
3 p e r  week 
1 p e r  month 
3 - 4  pe r  month 
1 p e r  month 
i n t e r m i t t e n t  
as needed 
as needed 
as needed 
i n t e r m i t t e n t  
ba tch  
ba tch  
summer o p e r a t i o n  
con t inuous  
i n t e r m i t t e n t  
once/ 6 months 
ba tch  
as needed 
i n t e r m i t t e n t  
t w i c e  pe r  month 
as needed 
as needed 
d a i l y  
as needed 
as needed 
as needed 
weekly 
as needed 
as needed 
as needed 
as needed 
as needed 
d a i  l y  
con t inuous  
d a i l y  
as appropr 
i n t e r m i t t e  
d a i l y  
as needed 
as needed 
as needed 
none 
as needed 

a t e  
t 
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Bldg. Waste 
No. 

440 
440 
440 
440 
442 
442 
445 
445 
445 
445 
445 
445 
449 
449 
453 
457 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
549 
5 5 1  
551 
560 
662 

No. 

01420 
00160 
0 0 1 7 0 ,  
0 1460 
00250 
00260 
15260 
15270 
15280 
15340 
15290 
15300 
11060 
11090 
11130 
11860 
00370 
00570 
00630 
01370 
23680 
23690 
00930 
01640 
2381 0 
23820 
01 060 
01090 
01110 
01 130 
01240 
01270 
01280 
01310 
01320 
01200 
09060 
09070 
07300 
06310 
06320 
11810 
04030 

Table I 1 1  - con t i nued  
Recommended S o l i d  Waste Stream t o  L a n d f i l l  

( 1 9 8 7 )  

Waste Name 

P a i n t  f i l t e r s  
Empty c o n t a i n e r s  
R-compound 
Foam t r immings  
D e f e c t i v e  HEPA f 
R e s p i r a t o r  c a r t r  
Carbon d u s t  
Carbon sc raps  
Trash 
Trash 
S t e e l  shav ings 
S t e e l  sc raps  

l t e r s  
dges 

Empty p a i n t  cans and c o n t a i n e r s  
M isce l l aneous  t r a s h  
Paper t o w e l s  
Sump s ludge  
Used o i l  f i l t e r s  
Nuoc l u r e  
F i l m  packs 
F i l m  packs 
H y d r a u l i c  i n t a k e  f i l t e r  
A i r  f i l t e r  
Argon f i l t e r s  
A i r  f i l t e r s  
Coolant  f i l t e r  
Coolant  f i l t e r  
D isca rded  c o n t a i n e r s  
Empty p a i n t  cans 
Empty con t a i n e r s  
Empty c o n t a i n e r s  
Empty c o n t a i n e r s  
K i m w  i pes 
K imwipes  and f l o o r  d r y  
K i m w i  pes 
K i m w i  pes 
Empty chem. and s o l v e n t  c o n t a i n e r s  
Empty c o n t a i n e r s  
M i c r  o f  i 1 m w rappers  
Empty c o n t a i n e r s  
Spray p a i n t  cans 
M e t a l  c u t t i n g s  
Sump s ludge  
Broken p a r t s  

Quant . 
Gen. 

300 l b s / y r .  
100 I8 

2640 g a l / y r .  
200 Lbs/yr. 

100 
20800 
10000 

500 
500 l b s / y r .  

5000 
5000 

10 
660 

0 
200 

20 
100 
48 
30 

2 
2 

1800 
25 

50 I' 

100 g a l / y r .  
100 
100 l b s / y r .  
100 

100 
100 
100 
40 
40 
50 

200 
100 
100  
100 
100 
100 
300 
200 
100 

II 

Genera t i on  
Frequency 

as needed 
as needed 
as needed 
as needed 
as appropr  
as needed 
con t inuous  
con t inuous  

a t e  

con t inuous  
con t inuous  
con t inuous  
con t inuous  
i n t e r m i t t e n t  
d a i l y  
i n t e r m i t t e n t  
i n t e r m i t t e n t  
4 p e r  year  
con t inuous  
i n t e r m i t t e n t  
i n t e r m i t t e n t  
once/ 6 month 
once/year 
once/year 
once/year 
on p r e v e n t i v e  ma in t .  
p.m.0. 
i n t e r m i t t e n t  
as needed 
i n t e r m i t t e n t  
i n t e r m i t t e n t  
as needed 
as needed 
as needed 
as needed 
as needed 
i n t e r m i t t e n t  
i n t e r m  i t t e n t  
con t inuous  
as needed 
weekly  
weekly  
1 t o  2 years 
as occu rs  
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Table 1 1 1  - continued 
Recommended Solid Uaste Stream to Landfill 

(1987) 

Bldg. 
No. 

664 
664 
70 1 
705 
705 
705 
708 
71 1 
75 0 
750 
750T 
771 
771 
771 
776 
776 
776 
776 
778 
778 
778 
778 
778 
778 
778 
778 
779 
779 
779 
779 
779 
779 
779 
779 
779 
779 
779 
779 
779 
779 
780 
850 
865 

Waste 
No. 

17500 
17590 
17620 
20180 
20300 
20310 
10650 
20530 
09020 
09100 
06010 
22210 
22230 
22250 
12010 
12040 
12100 
12130 
15040 
15050 
15060 
15090 
15120 
15130 
15140 
15210 
19080 
19100 
19190 
19350 
19630 
19050 
19060 
15450 
15460 
15480 
19730 
15410 
15730 
19200 
09580 
04940 
04280 

Uaste Name 

Empty containers 
Solid waste 
Solid waste 
K i mu i pes 
Metal and glass scraps 
Office trash 
HEPA filters 
Sump sludge 
Empty fixer/developer containers 
Empty toner/developer containers 
Empty toner/dispersant containers 
liquid chemical containers 
Bottles, cartons, gloves, kimwipes 
Empty containers and surgical gloves 
Empty containers 
Empty containers 
Empty containers 
Empty containers 
Trash in containers 
Metal/wood shavings 
sanitary trash 
sanitary trash 
Me ta 1 / wood shavings 
Sanitary trash 
Trash 
Sanitary trash 
Batting paper filters 
Furnace f i 1 ters 
Sanitary trash 
Sanitary trash 
Furnace f i 1 ters 
Sanitary trash 
Metal shavings/f ines 
Grindings metal 
Plastic grindings 
trash 
metal chips 
Trash 
Water chiller filters 
Machine fines 
Empty paint cans, 
Toner and dispersant bottles 
Mold compound 

Quant. 
Gen. 

100 lbs/yr. 
500 
200 

15 
100 

1000 
200 
200 
100 

3 
100 

4000 
15000 

5000 
100 

2080 
365 
365 
800 lbs/yr. 

2000 ‘I 

500 
500 

2000 
500 

1000 
500 
50 

100 
500 
500 
400 

1300 
300 

1000 
500 gal/yr. 

1000 lbs/yr. 
10000 

500 
10 

300 
50 

5 
50 

Generation 
Frequency 

daily 
continuous 
dai ly 
as needed 
dai ly 
daily 
PMO schedule 
varies 
as required 
intermittent 
monthly 
continuous 
continuous 
every 2 weeks 
occasionally 
weekly ( 4 0  1 bs./ week) 
daily 
daily 
continuous 
continuous 
continuous 
continuous 
continuous , 

continuous 
continuous 
continuous 
PMO 
P M O  
continuous 
continuous 
periodic 
continuous 
contj nuous 
continuous 
continuous 
continuous 
2/week 
continuous 
monthly 
continuous 
infrequent 
intermittent 
continuous 

I 
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Table 1 1 1  - continued 
Recommended Solid Uaste Stream to Landfill 

( 1 9 8 7 )  

Eldg. Waste 
No. No. Uaste Name 

865 
88 1 
881 
88 1 
886 
910 
910 
966 
980 
980 
980 
980 
991 
99 1 
995 

04290 
03240 
04670 
04710 
03190 
06340 
06360 
06480 
06490 
06520 
06530 
06590 
07500 
07510 
20620 

Photography lab solid wastes 
Waste resin 
Aerosol, paint and thinner cans 
Uncontaminated s o l  id waste 
Copy machine waste 
Filter backwash 
Diamataceous earth 
Empty containers 
Empty containers 
Fiberglas resins and catalysts 
Metal scrap 
metal scrap 
Empty paint containers 
Toner and Dispersant containers 
Dumpster 

Quant . 
Gen. 

240 lbs/yr. 

200 " 

4 

5000 
40 

100000 gal/yr. 
54750 lbs/yr. 

100 
100 

1000 
2000 
5000 

100 
100 

10000 

Generation 
Frequency 

continuous 
continuous 

daily 

weekly 
week 1 y/mon t h 1 y 
intermittent 
intermittent 
i nt er m i t t ent 
dai Ly 
daily 
as needed 
monthly 
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2.4.3 Volumes of Waste 

At the present time, 115 cubic yards are disposed of in the 

landfill every work day. It is anticipated that this volume 

will continue through October 1988 and diminish for the 

remainder of the landfill life. 

Based on previous calculations of the landfill volume and 

projecting present disposal amounts, the total volume of 

material disposed of in the landfill when operations cease 

in 1989 will be 410,000 cubic yards. The actual volume will 
~ 

be less due to off-site disposal of some wastes beginning in 

October 1988. The landfill will have a surface area of 
a .  

approximately 765,000 square feet. 

2.4.4 Spray Fields and Collection Systems 

Water collected in the east pond is routinely sprayed on the 

banks of the pond, immediately above the waterline. 

Spraying occurs on both the north and south sides. The 

guidelines established in 1980, including weekly water grab 

samples and analyses, are still in use. Analysis of weekly 

samples, 

from the 

presented in Appendix 6, continue to show no impact 

landfill on the impounded waters. 
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Based on recent water level measurements in monitoring wells 

at the landfill, the ground-water and leachate collection 

systems do not appear functional. 

2.5 Maximum Waste Inventory 

Throughout the life of the landfill, the disposal technique 

has been to deliver waste materials to the site until mid- 

afternoon, and then spread and compact the material. The 

longest time waste inventory is stored prior to final 

disposal is approximately six hours. At the current 

disposal rate of 115 cubic yards per work day, the maximum 

inventory at any time is 115 cubic yards. 

' 

2.6 Description of Auxiliary Equipment 

The equipment used in the landfilling operations consists of 

Caterpillar D-8 dozer, a Terrex dozer, and an International 

dozer. 

2.7 Final Closure Plan S imma - Y 

The existing landfill has received nonhazardous solid wastes 

after November 28, 1986. To ensure that no RCRA hazardous 

40 



. ... I 

C07890010526 Date: July 1, 1988 
Revision No.: 1 

wastes are sent to this landfill, source control was 

implemented through satellite collection, secured containers 

and a RCRA training program. Areas of the landfill 

activities after 1986 were delineated from past areas. Uses 

of the existing landfill will be in compliance with the 

Colorado Solid Waste Act Regulations. 

The closure plan will address the solid waste management 

units (SWMU) numbers 114 and 167.1 presented in Appendix 1 

of the Rocky Flats Plant Part B RCRA Permit. If clean 

closure is not achieved for SWMU Number 203, the closure 

plan will also address this unit. 

2.7.1 Closure Objectives 

This closure plan has been prepared to meet the performance 

standards of 6 CCR 1007-3, Section 265.111. The promulgated 

standards require a facility must be closed in a manner 

that: 

minimizes the need for further maintenance, and 

controls, minimizes or eliminates, to the extent 
necessary to protect human health and the 
environment, post-closure escape of hazardous 
waste, hazardous waste constituents, leachate, 
contaminated rainfall, or waste decomposition 
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productstothe qroundor surface waters ortothe 
atmosphere. 

2.7.2 Closure Plan 

The activities necessary to complete closure and comply with 

the ground-water corrective action requirements of 6 CCR 

1007-3 264 Subpart F are shown on the diagram in Figure 5. 

The closure activities include: 

analysis of north sprayfield area, 
grading of the landfill, 
placement of the cap, 
placement of a vegetative cover, 
maintenance of the closed area, 

system, and 
installation of a ground-water collection system. 

. evaluation of existing ground-water collection 

The quality of the ground water will be evaluated to 

determine if corrective action is required to meet 6 CCR 

1007-3, Section 264 Subpart F. If necessary, the type of 

ground-water corrective action will be determined and 

implemented. 

2.7 .3  Closure Schedule 

Anticipated schedules for closure activities are presented 

on Figures 6 and 7. Figure 6 presents activities to be 
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conducted during closure of the landfill. Figure 7 presents 

the schedule for activities to be completed for final 

design. The site characterization and engineering studies 

necessary to define closure activities for the north 

sprayfield are anticipated to be completed prior to,the end 

of deposition at the landfill. Preliminary acceptance of 

performance and closure design criteria is anticipated prior 

to initiating conceptual design documents. The final 

schedule of activities required for closure will be defined 

upon completion of additional site investigations and 

engineering studies. 

2.7.4 Justification for Extension of Schedule 

The regulations of 6 CCR 1007-3, Section 265.113(a) require: 

"Within 90 days after receiving the final volume of 
hazardous wastes at a hazardous waste management unit 
or facility, or within 90 days after approval of the 
closure plan, whichever is later, the owner or operator 
must treat, remove from the unit or facility, or 
dispose of on-site, all hazardous wastes in accordance 
with the approved closure plan." 

The intent of this regulation is to avoid causing serious 

environmental damage due to accumulating inventory over long 

periods of time. In part 6 CCR 1007-3, Section 265.113(b) 

states that closure activities will be completed within 180 a 
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d a y s  a f t e r  a p p r o v a l  o f  t h e  c l o s u r e  p l a n  u n l e s s  c l o s u r e  

a c t i v i t i e s  w i l l ,  by n e c e s s i t y ,  t a k e  l o n g e r  t h a n  180 days  t o  

complete.  I f  c l o s u r e  a c t i v i t i e s  w i l l  t a k e  longe r  t h a n  180 

d a y s ,  t h e n  s t e p s  mus t  be t a k e n  t o  p r e v e n t  t h r e a t s  t o  human 

hea l th  and t h e  environment from t h e  unclosed f a c i l i t y .  

The  a c t i v i t i e s  r e q u i r e d  t o  c o m p l e t e  f i n a l  c l o s u r e  a t  t h e  

p r e s e n t  l a n d f i l l  w i l l  t a k e  longer  t h a n  schedu les  r e q u i r e d  by 

t h e  r e fe renced  r e g u l a t i o n s .  Before t h e  i n s t a l l a t i o n  of t h e  

f i n a l  c o v e r  a n d  c a p  c a n  b e g i n ,  f i e l d  s t u d i e s  m u s t  be  

completed. 

2 .7 .5  P r o t e c t i o n  of Human Heal th  and the  Environment 

Threa ts  t o  human hea l th  and t h e  environment a r e  prevented  by 

t h e  r o u t i n e  moni tor ing  a c t i v i t i e s  conducted a t  Rocky F l a t s  

and by restricted a c c e s s  t o  t h e  f a c i l i t y .  S p e c i f i c  d e t a i l s  

o f  t h e  r o u t i n e  m o n i t o r i n g  program a r e  summar ized  i n  t h e  

I1Annual Environmental  Monitoring Reportt t  (Rockwell, 1986b). 

T h i s  document  is r e v i e w e d  and u p d a t e d  on a n  a n n u a l  b a s i s .  

B r i e f  d i s c u s s i o n s  o f  t h e  m o n i t o r i n g  a c t i v i t i e s  t h a t  a r e  

c o n d u c t e d  a n d  t h e  s e c u r i t y  p r o c e d u r e s  a t  t h e  p l a n t  a r e  

p re sen ted  below. 
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The routine environmental monitoring program includes the 

sampling and analysis of airborne effluents, ambient air, 

surface and ground water, and soil. External penetrating 

gamma radiation exposures are also measured using 

thermoluminescent dosimeters. Samples are collected from 

on-site, boundary and off-site locations. 

Particulate and tritium sampling of building exhaust systems 

is conducted continuously. For immediate detection of 

abnormal conditions, ventilation systems that service areas 

containing plutonium are equipped with Selective Alpha Air 

Monitors. These monitors trigger an alarm automatically if 

out-of-tolerance conditions are experienced. Particulate 

samples are collected from ambient air samplers operated 

continuously on site. The ambient air samples are analyzed 

for Total Long-Lived (TLL) Alpha activity or for plutonium 

activity. There are currently 51 of these ambient air 

samplers. Twenty-three are located within and adjacent to 

the Rocky Flats exclusion area, 14 are located along or near 

the plant's perimeter and 14 are located in nearby 

communities. 

The majority of the water used for plant process operations 

and sanitary purposes is treated and evaporated and/or 
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r e u s e d  f o r  c o o l i n g  t o w e r  makeup o r  steam p l a n t  u s e .  The 

d i scha rge  of  water  o f f - s i t e  is m i n i m i z e d  t o  t h e  g r e a t e s t  

e x t e n t  p o s s i b l e .  Water d ischarges  f rom t h e  Rocky F l a t s  

P l a n t  a r e  m o n i t o r e d  f o r  c o m p l i a n c e  w i t h  a p p r o p r i a t e  CDH 

s t a n d a r d s  and EPA Na t iona l  P o l l u t a n t  Discharge E l i m i n a t i o n  

Sys t em ( N P D E S )  p e r m i t  l i m i t a t i o n s .  S u r f a c e  r u n o f f  f rom 

p r e c i p i t a t i o n  i s  collected i n  s u r f a c e  water  c o n t r o l  ponds  

and  d i s c h a r g e d  o f f  s i t e  a f t e r  m o n i t o r i n g .  R o u t i n e  water  

m o n i t o r i n g  i s  c o n d u c t e d  f o r  t w o  downst ream r e s e r v o i r s  and  

f o r  d r i n k i n g  water  s o u r c e s  i n  n i n e  communi t i e s .  Ground- 

water moni tor ing  w a s  conducted du r ing  1987 a t  approximate ly  

160 ground-water sampling l o c a t i o n s .  

S o i l  samples  are r o u t i n e l y  collected on an annual  b a s i s  f r o m  

4 0  s i t e s  l o c a t e d  on r a d i i  f rom Rocky F l a t s  a t  d i s t a n c e s  o f  

1.6 a n d  3.2 k i l o m e t e r s  (one  and  t w o  m i l e s ) .  The p u r p o s e  of 

t h i s  s o i l  sampling is t o  de t e rmine  i f  there are  any changes 

i n  plutonium c o n c e n t r a t i o n s  i n  t h e  s o i l  around t h e  p l a n t .  

When h i g h e r  c o n c e n t r a t i o n s  t h a n  u s u a l  a r e  found i n  any  o f  

t h e  r o u t i n e  moni tor ing  a c t i v i t i e s  o r  when out-of-compliance 

c o n d i t i o n s  a r e  i d e n t i f i e d ,  t h e  c a u s e  of t h e  p rob lem is  

i n v e s t i g a t e d .  I f  t h e  p r e s e n t  l a n d f i l l  f a c i l i t y  is  found t o  
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be the cause of an out-of-compliance condition, then this 

closure plan will be revised within 30 days. 

Access to the landfill is limited by: 

a three-strand barbed wire cattle fence 
surrounding the facility (Figure 1) posted to 
identify the land as a government reservation/ 
restricted area, 

guards patrolling the controlled area and the Psz 
24 hours per day, and 

surveillance by security cameras 24 hours per day. 

The existing fences and gates are operated and maintained by 

the U . S .  Department of Energy. 

The monitoring and security measures outlined above are 
I 

designed to protect human health and the environment by 

threats posed by the plant as a whole. In addition, they 

protect human health and the environment from threats posed 

by the present landfill. Additionally, the majority of the 

landfill has an interim three-foot soil cover. This cover 

minimizes potential direct contact and wind dispersal of 

contamination material and reduces contamination of runoff. 

Surface runoff, sediments and ground water are collected by 

the east pond. Ground water at the landfill is monitored 

quarterly by monitoring wells. These specific measures at 

50 



C07890010526 Date: July 1, 1988 
Revision No. : 1 

the landfill further protect human health and the 

environment from threats posed by the landfill. 

2.7.6 Final Design 

Activities required to complete final design of the landfill 

closure will include the following: 

. Characterization of soil contamination at the 
north sprayfield; 

Preparation of topographic maps ; 

Delineation of landfilled material, exclusive of 
interim cover: 

Conduct engineering studies to evaluate 
horizontal and vertical gradients and ground-water 
flow at the landfill and geologic conditions 
influencing flow: 

Conduct engineering studies of potential borrow 
sites for cover construction material: 

Investigation discharge lines for the existing 
ground-water collection and diversion system; and 

Prepare design drawings, specifications, quality 
control and quality assurance plan, and site 
specific health and safety plan. , 

Activities for final design will be completed prior to July 

1989. The general scope of work of these activities is 

presented below. 
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Characterization of the north sprayfield contamination w 11 

entail sampling of soil. Samples will be submitted for 

analysis of potential contaminants. Additional discussion 

of site characterization is presented in Section 3.1. 

The topography of the landfill prior to closure activities 

will be mapped. The topographic mapping will be done at a 

scale of one inch equals 100 feet or less, with minimum two- 

foot contour intervals. The prepared maps will be utilized 

for final design drawings. 

To assure that the final cover extends over all landfilled 

materials, a geophysical study will be conducted to evaluate 

the extent of the interim cover, landfilled materials and 

limits of the 1974 trench excavation. The study will use 

surficial geophysical techniques to delineate subsurface 

characteristics. Geophysical interpretations will be 

correlated to exploratory borings. The scope of the 

investigation will initially be to confirm the limits of the 

landfill presented herein. Should the study indicate the 

landfill extent to be significantly different from those 

presented, the scope of the study will be extended to 

redefine the limits of the landfill. 
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The hydrogeologic characterization presented in Appendix 6, 

is limited to available wells to determine the ground-water 

elevation and vertical and horizontal flow directions. 

Existing monitoring wells installed indicate a vertical 

component within the ground-water flow; however, the 

information is limited. Water levels within the main 

portion of the landfill are unknown at present. To evaluate 

these conditions and to determine what measures could be 

implemented to remove or reduce ground-water flows within 

the landfill, additional studies will be conducted. The 

study will entail installation of four to six nested 

monitoring well series. The nested series will have two to 

four wells installed in relatively close proximity with 

screen intervals placed at different elevations. The 

geologic characteristics of the soil and bedrock will be 

logged at each nested well location. Within the landfill, 

two to three monitoring wells will be installed with screen 

intervals at or near the bottom of the landfilled material. 

At the downstream toe of the landfill, subsurface conditions 

will be evaluated by drilling exploratory borings and 

completing selected borings as monitoring wells. The 

purpose of the borings will be to evaluate the overall 

effectiveness of the proposed ground-water collection system 

discussed in Section 5.3.4. The studies will be directed to 
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develop sufficient information to evaluate alternatives for 

dewatering the landfill, interception of ground-water flows 

from the landfill and the potential impacts of the landfill 

to ground-water quality. Established monitoring wells will 

be sampled for ground-water quality as part of the quarterly 

monitoring program for the landfill. 

An investigation will be conducted of potential borrow areas 

for suitable material for use in final cover construction. 

The investigation will delineate sufficient borrow volume 

for regrading of the landfill, compacted soil layer and 

topsoil within the final cover and evaluate potential on- 

site sources for sand and riprap, if present. The 

investigation will entail drilling between ten to 20 

exploratory borings or test pits to obtain samples of 

potential borrow material at each potential borrow source. 

Materials obtained from the borrow sources will be tested, 

as appropriate, for their gradations, Atterberg limits, 

specific gravity, durability and moisture-density 

relationship. Additionally, material identified for use as 

potential topsoil on the final cover will be tested for 

suitability for plant growth. Testing will include pH, 

cation exchange capacity, sodium absorption ratio and 

calcium carbonate content. Identified borrow areas will be 0 
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presented in the final design drawings as well as estimated' 

reclaimed borrow contours. 

Evaluation of the existing ground-water collection and 

diversion system will entail exposing valves on the drain 

line to determine their operating position, and exposing the 

drain line near the slurry wall. Additional discussion of 

the evaluation is presented in Section 5.3.2. 

As presented on the schedule for closure in Section 2.7.3, 

these activities will be conducted prior to preparing the 

final design for closure. 

2.8 Administration of Closure Plan 

The closure plan for the present landfill will be kept at 

the Rocky Flats Area Office, Building 111, U.S. Department 

of Energy. The person responsible for storing and updating 

this copy of the closure plan is: 

Mr. Albert E. Whiteman 
Area Manager 
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His address and phone number are: 

U . S .  Department of Energy 
Rocky Flats Plant 
P.O. Box 928 
Golden, Colorado 80402 
Phone: ( 3 0 3 )  966-2025 

Mr. Whiteman is also responsible for updating other copies 

of the closure plan held off-site by sending additions or 

revisions by registered mail. 

2.9 Closure Cost Estimates and Financial Assurance 

State and Federal governments are exempt from the financial 

requirements imposed by Subpart H of 40 CFR 265.140(c). 

Therefore, no financial assurance documentation has been 

prepared for the landfill closure plan. 

The estimated cost for landfill closure is presented on 

Table IV. 
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TABLE IV 

LANDFILL CLOSURE 
ESTIMATED CONSTRUCTION COSTS 

Quantity 

50,000 cy 

31,300 cy 

31,400 cy 

845,000 ft2 

62,700 cy 

31,300 cy 

1,700 cy 

Unit Cost 7 s )  
3/CY 

3/CY 

25/CY 

0.65/ft2 

5/CY 

3.50/cy 

40/CY 

Diversion Ditches 33,300 cy 4/CY 

Revegetation 850,000 ft2 0.13/ft2 

CONSTRUCTION TOTAL 

ENGINEERING DESIGN (10%) 

CONTINGENCY (15%) 

TOTAL 

57 

Total Cost 
( $ 1  

$ 150,000 

93,900 

785,000 

549,300 

313,500 

109,600 

68,000 

133,200 

110,500 

$2,313,000 

231,300 

347,000 

$2,891,300 
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3.0 DECONTAMINATION PROCEDURES 

3.1 North Sprayfield Area 

For a period of approximately seven years, water collected 

in Pond #1 or west pond was routinely sprayed onto the north 

sprayfield. Prior to beginning the installation of the 

final cap and cover at the landfill, soil samples from the 

north sprayfield will be analyzed to evaluate if 

contamination has occurred. A flow diagram of the 

sprayfield activities is shown on Figure 8. 

3.1.1 Sprayfield Boundary 

The north sprayfield is located northwest of the east pond, 

and was used for spraying. water contained in the west pond. 

The location of this sprayfield is shown on Figure 2. The 

dimensions of this sprayfield are approximately 280 feet by 

480 feet. 

3.1.2 Soil Sampling 

Prior to installation of the final cap and cover of the 

landfill, soil samples from the north sprayfield area will 
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be c o l l e c t e d  and analyzed, t o  e v a l u a t e  i f  con tamina t ion  has  

o c c u r r e d .  Based on w a t e r  a n a l y s e s  f rom t h e  w e s t  pond, 

c o n t a m i n a t i o n  i s  n o t  a n t i c i p a t e d .  T h e  s o i l  

c h a r a c t e r i z a t i o n  p l a n  f o r  t h i s  s t u d y  is t o  c o n f i r m  t h e  

absence of contaminat ion  and is p resen ted  i n  Appendix 4 .  

T h e  bas i s  f o r  t h i s  s o i l  sampling program is random sampl ing  

p o i n t s ,  i n  c o n j u n c t i o n  w i t h  a d i rec t  r a d i a t i o n  s u r v e y .  

Because any contaminants  i n  t h e  pond water would have been 

d i s t r i b u t e d  d u e  t o  t h e  s p r a y i n g  a c t i o n  i n  a u n i f o r m  

d i s p e r s e d  area a d j a c e n t  t o  t he  previous  sp ray  l i n e s ,  on ly  a 

l i m i t e d  number  o f  s a m p l e s  a r e  n e c e s s a r y  t o  e v a l u a t e  i f  

con tamina t ion  h a s  occurred. 

A d i rec t  gamma r a d i a t i o n  s u r v e y  w i l l  be w i t h  a F I D L E R  

c o n d u c t e d  over  t h e  ground s u r f a c e  t o  detect  m e a s u r a b l e  

amounts o f  r a d i o a c t i v i t y .  The  assessment  w i l l  be conducted 

i n  a c c o r d a n c e  w i t h  Rocky F l a t  r a d i a t i o n  m o n i t o r i n g  

procedures  (Rockwell, 1 9 8 6 ~ ) .  

W i t h i n  t h e  s p r a y f i e l d ,  s a m p l e s  w i l l  b e  t a k e n  a t  t h e  

approximate l o c a t i o n s  shown on Figure  2. The l o c a t i o n s  t o  

be sampled are r e l a t i v e l y  evenly sampled a long  t h e  previous  

s p r a y  l i n e s .  Because  any c o n t a m i n a t i o n  w h i c h  may have  
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occurred is expected to be uniform and dispersed along the 

spray line, localized hot spots are not anticipated nor does 

the sampling require the exact location of the spray lines. 

A total of three soil samples will be obtained in the 

sprayfield during the Phase I study. 

3.1.3 Laboratory Analysis 

The soil samples collected at the sprayfield will be 

analyzed for the following: 

Volatile Organic Compounds (EPA 624) 
Semi-volatile Organic Compounds (EPA 625) 
Metals 
Radionuclides. 

a ,  

3.1.4 Criteria for Evaluating soil Contamination 

To evaluate whether soils in the sprayfield area have been 

contaminated, the laboratory results from the samples 

collected in the sprayfield will be compared to background 

soil values. The specific methods of comparison are 

outlined in the sampling plan, in Appendix 4. 
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3.1.5 Method of Treatment or Disposal 

It is anticipated that the sampling program will show that 

the sprayfield area has not been contaminated. However, if 

the field work indicates the sprayfield has been 

contaminated, remedial alternatives will be evaluated, based 

on the types of contaminants present. Alternatives include: 

In-place treatment of contaminated soils. 

Removal of contaminated soils, with disposal in 
the present landfill. 

Removal of contaminated soil with off-site 
disposal. 

Closure of the sprayf ield with the contaminated 
soils left in place. 

3.1.6 Schedule 

The study performed at the sprayfield will begin in August 

1988, and will be completed by November, 1988. Any 

necessary remedial activities will be selected in December 

1988. Anticipated implementation and completion times are 

shown on Figure 7. 
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3.2 Decontamination of  Equipment 

3 . 2 . 1  I n t r o d u c t i o n  

As r e q u i r e d  by 6 CCR 1007-3 ,  S e c t i o n s  2 6 5 . 1 1 2 ( b ) ( 4 )  and  

2 6 5 . 1 1 4 ,  c o n s t r u c t i o n  e q u i p m e n t  u s e d  d u r i n g  c l o s u r e  

a c t i v i t i e s  w i l l  be d e c o n t a m i n a t e d .  C u r r e n t l y ,  there  i s  

a u x i l i a r y  equipment a s s o c i a t e d  w i t h  the p r e s e n t  l a n d f i l l ,  as 

g i v e n  i n  S e c t i o n  2.6.  D e c o n t a m i n a t i o n  of c o n s t r u c t i o n  

e q u i p m e n t  and  t h e  a u x i l i a r y  e q u i p m e n t  w i l l  i n v o l v e  t h e  

procedures  described i n  t h e  fo l lowing  s e c t i o n .  

3 . 2 . 2  Decontamination Procedures 

All c o n s t r u c t i o n  equipment involved w i t h  a c t iv i t i e s  a t  t h e  

l a n d f i l l  which c o n t a c t  contaminated s o i l s ,  t he  i n t e r i m  cover  

ma te r i a l s  o r  r i n s a t e  w i l l  be s c r a p e d  o r  b r u s h e d  t o  remove 

chunks of s o i l  o r  debris  whenever t h e  equipment leaves t h e  

c o n s t r u c t i o n  area.  The a r e a  used  f o r  s c r a p i n g  o r  b r u s h i n g  

w i l l  h a v e  t a r p a u l i n s  s p r e a d  o v e r  t h e  g round  and  w i l l  be  

r a k e d  a n d / o r  s w e p t  t o  c o l l e c t  a l l  removed mater ia l s .  The 

c o l l e c t e d  m a t e r i a l  w i l l  b e  p l a c e d  i n  t h e  l a n d f i l l  b e n e a t h  

t h e  f i n a l  cover. Cons t ruc t ion  equipment w i l l  t h e n  move t o  

a n  a d j a c e n t  one f o o t  t h i c k  g r a v e l  decontaminat ion pad. The 0 
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pad w i l l  be a t  l e a s t  50 f ee t  s q u a r e  t o  accommodate  heavy  

c o n s t r u c t i o n  equipment .  The t o p  o f  t h e  g r a v e l  pad  w i l l  b e  

a t  l e a s t  one  f o o t  be low t h e  f i n a l  grade f o r  t h e  i n t e r i m  

cover .  

A t  t h e  decontaminat ion pad, equipment w i l l  be t r i p l e  r i n s e d  

w i t h  a s p r a y  system. The decontaminat ion  s p r a y  system t o  be 

used w i l l  h e a t  water t o  approximately 350°F under  250 pounds 

p e r  s q u a r e  i n c h  gauge  p r e s s u r e .  T h e  s u p e r - h e a t e d ,  h igh -  

p r e s s u r e  stream w i l l  be sprayed on t h e  contaminated  s u r f a c e  

t h r o u g h  a series o f  n o z z l e s  i n c o r p o r a t e d  i n t o  t h e  vacuum/ 

s p r a y  c l e a n i n g  h e a d .  T h e  e x a c t  e q u i p m e n t  u s e d  f o r  

decontaminat ion  w i l l  v a ry  depending on c o n t r a c t o r  s e l e c t i o n .  

The decontaminat ion equipment used w i l l  p rov ide  f o r  adequate  

decontaminat ion  of  t h e  c o n s t r u c t i o n  equipment. 

Upon c o m p l e t i n g  d e c o n t a m i n a t i o n  o f  e q u i p m e n t  u s e d  f o r  

i n t e r i m  cover  recompaction, t h e  gravel pad w i l l  be covered 

- w i t h  a t  l e a s t  one f o o t  of  u n c o n t a m i n a t e d  b o r r o w  s o i l s  

compacted t o  i n t e r i m  cover  s p e c i f i c a t i o n s .  Equipment used 

i n  t h i s  c o n s t r u c t i o n  w i l l  either work on ly  on uncontaminated 

s o i l s  o r  be of proper  s i z e  t o  be subsequent ly  decontaminated 

a t  Bui ld ing  889. 
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S m a l l e r  c o n s t r u c t i o n  equipment may a l s o  be decontaminated by 

a s i m i l a r  arrangement i n  Bui ld ing  889. 

3 . 2 . 3  Aux i l i a ry  Equipment 

T h e  a u x i l i a r y  e q u i p m e n t  a t  t h e  l a n d f i l l  w i l l  b e  

d e c o n t a m i n a t e d  u,s ing t h e  same p r o c e d u r e s  o u t l i n e d  i n  

S e c t i o n  3 . 3 . 2 .  

3 . 2 . 4  Const ruc t ion  Equipment U s e d  During Closure 

C o n s t r u c t i o n  e q u i p m e n t  u s e d  d u r i n g  c l o s u r e  may i n c l u d e  

doze r s ,  backhoes, f ront-end l o a d e r s ,  s o i l  compactors,  w a t e r  

t r u c k s  and l i n e r  seaming equipment. I f  large q u a n t i t i e s  of 

s o i l  a r e  t o  b e  removed,  a d d i t i o n a l  e q u i p m e n t ,  s u c h  a s  h a u l  

t r u c k s  and s c r a p e r s ,  may be used. Addi t iona l  equipment may 

be u s e d  d u r i n g  c l o s u r e ,  i f '  n e c e s s a r y .  All c o n s t r u c t i o n  

e q u i p m e n t  u s e d  a t  t h e  s i t e  c o n t a c t i n g  c o n t a m i n a t e d  s o i l s ,  

r i n s a t e  o r  t h e  l a n d f i l l  i n t e r i m  cover  m a t e r i a l s  w i l l  r e q u i r e  

decontaminat ion a s  o u t l i n e d  i n  Sec t ion  3.3.2. 
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4.1.1 Surface Runon Control 

Regrading of the ground surface adjacent to the landfill 

will be conducted as part of closure to reduce impacts of 

surface runon on the final cover. Regrading will involve 

enlargement and renovation of existing diversion ditches 

around the landfill. The existing diversion ditch 

locations, cross sections and proposed enlarged section are 

shown on Figures 3 and 9. The proposed diversion ditches 

will be designed to divert the peak storm runoff from the 

one-hour, 100-year storm event in each drainage, depending 

on the time of concentration of the drainage. A six-inch 

compacted clayey soil layer will be placed in the bottom of 

the diversion ditches for erosion control from the design 

storm. 

a 

Control of surface runon to the landfill for flows in excess 

of the 100-year design storm will be provided by surface 

a 
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g r a d i n g  and  f i n a l  c o v e r  of l a n d f i l l .  

t h e  l a n d f i l l  is presented  i n  S e c t i o n  4 . 1 . 2 .  

S u r f a c e  r e g r a d i n g  of 

4 . 1 . 2  L a n d f i l l  Regrading 

T h e  e x i s t i n g  l a n d f i l l  s u r f a c e  w i l l  be regraded t o  d i v e r t  

s u r f a c e  r u n o f f  on t h e  l a n d f i l l  t o  t h e  c e n t e r  o f  t h e  t o p ,  

down t h e  e a s t e r n  f a c e  and i n t o  t h e  east  pond. Topography f o r  

t h e  conceptua l  cover  des ign  is p resen ted  on F igu re  10. The 

f i n a l  c o v e r  e l e v a t i o n s  w i l l  be based on  a c t u a l  g round  

s u r f a c e  of t h e  l a n d f i l l  a t  t i m e  of f i n a l  design.  

I n  d e s i g n i n g  f i n a l  cover  contours ,  c o n s i d e r a t i o n  w a s  g iven  

t o  c a m b e r i n g  of t h e  c o v e r  t o  d r a i n  s u r f a c e  r u n o f f  o f f  t h e  

cover  and i n t o  a d j a c e n t  d i v e r s i o n  di tches .  However, such a 

d e s i g n  w i l l  be a d v e r s e l y  a f fec ted  by s e t t l e m e n t  o f  t h e  

l a n d f i l l  m a t e r i a l .  S u c h  a d e s i g n  w o u l d  a l s o  r e q u i r e  

placement  of  f i l l  m a t e r i a l  t o  provide  drainage.  Addi t iona l  

fill  m a t e r i a l  on ‘ t h e  c o v e r  would r e s u l t  i n  a d d i t i o n a l  

s e t t l e m e n t  a g a i n  adve r se ly  a f f e c t i n g  t h e  cover  performance. 

As proposed, t h e  effects of s e t t l e m e n t  on the  cover  w i l l  be 

t o  improve  s u r f a c e  d r a i n a g e .  The f i n a l  c o v e r  w i l l  h a v e  a n  

approximate two pe rcen t  grade.  Based on computer modeling 

u s i n g  t h e  HELP compute r  program ( S c h r o e d e r ,  1983), t h e  
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proposed grade would provide the necessary runoff and cover 

drainage control. It is anticipated that the landfill 

material will experience approximately ten percent 

settlement of the overall fill height as a result of self- 

weight consolidation, dewatering, and additional 

consolidation under cover loading. As a result, final cover 

grade will be approximately three percent after settlement. 

Around the perimeter of the existing landfill, the ground 

surface will be graded to provide an approximate two-foot 

high berm prior to cover placement. The berm and cover 

placement will provide additional runon control for the 
a 

landfill should storm events exceed the one-hour, 100-year 

design storm. The berm will also provide a point for 

ventilation of the gas collection system. 

4 . 2  Final Cover 

The final cover has been designed to meet performance 

standards set forth in Sections 265.228 and 265.310. The 

final cover will be a multi-layered section, designed and 

constructed to: 

Provide long-term minimization of the migration of 
liquids through the closed landfill; 
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Function with minimum maintenance; 

Promote drainage and minimize erosion or abrasion 
of the cover; 

Accommodate settling and subsidence so that the 
covers integrity is maintained; and 

Have a permeability less than or equal to the 
permeability of any bottom liner system or natural 
subsoils present. 

To meet these standards, the cover will be comprised of 

three components: 

Erosion control in the form of minimum slope 
grades and vegetation; 

. Drainage layer to expedite removal of surface 
infiltration and maintain cover stability; 

Infiltration barrier, including both a flexible 
membrane liner (FML) and low permeability 
compacted soil. 

Due to the presence of biodegradable materials within the 

landfill, the cover will also contain a gas collection 

component, this component is discussed separately in 

Section 6.0. 

4.2.1 Final Cover Extent 

The final cover will extend beyond the existing landfill 

boundary indicated on Figure 2. A s  shown on Figure 11, the 
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the cover will extend beyond the ground-water control and 

leachate collection system installed in 1974. The 

approximate area of the final cover will be 845,000 square 

feet . 

4.2.2 Type of Materials 

The design of the multi-layered cap will conform to the 

performance standards in 6 CCR 1007-3, Section 265.310. The 

specified performance standards will be achieved on the 

landfill by utilizing a multi-layered cap. A typical cross 

section of the final cover is shown on Figure 12. 

-- Sand: The sand layers will be comprised of hard, durable 

sands or gravels having no more than five percent passing 

the U.S. standard No. 200 sieve. Final gradation of the 

sand drain material will be based on the gradations of the 

compacted soil layer material selected in final design. The 

sand drain layer will be designed to act as a filter against 

the compacted soil layer. During final design, 

characteristics of the compacted soil layer, anticipated 

hydraulic heads at the interface with the filter and 

required hydraulic conductivities for the drain material 

will be considered in selecting filter design criteria. 
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The sand layers will also serve a dual function as a bedding 

layer against the underlying synthetic membrane preventing 

the membrane from being damaged during the placement and 

compaction of the erosion control layers. The sand 

specified for the layers may be obtained from on-site 

borrow, if available, or will be imported to the site. 

Since the drain material will be placed against the 

synthetic membrane of the multi-layer cover, the maximum 

aggregate size is limited to 1/4 inch to prevent punctures. 

On the landfill top, flows within the drain will be 

collected by a six-inch diameter perforated drain pipe 

placed beneath the center surface drainage swale. The drain 

pipe will discharge into the,riprap protection on the 

eastern face of the landfill, as shown on Figure 12. 

Interim Cover: The existing interim cover soils are the on- 

site clayey soils. These soils are similar to the materials 

proposed for the compacted soil discussed herein. 

Additionally, the interim cover materials contain some 

asphalt and concrete construction debris. During regrading 

and recompaction, material larger than the six inches in 

size will be removed from the upper 12 inches of the interim 

- 
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cover. Removal of the large material will allow more 

uniform compaction of the material. After initial surface 

grading, the upper one foot of interim soil cover will be 

scarified, moistened and recompacted to at least 95 percent 

of the maximum standard Proctor dry density with a moisture 

content of between two percent above and two percent below 

optimum moisture content. 

-- Compacted ---- --- Soil: Published data and site investigation 

reports indicate that natural clayey soils available on the 

site classify as A-6 and A-7 in accordance with the AASHTO 

classification system (U.S. Department of Agriculture, 1984 

and Woodward-Clevenger, 1974). The A-6 and A-7 soils are 

silty and sandy clays. The 24-inch compacted soil zone in 

the final cover section service the following purposes: 

Provides protection of the low permeability 
sections from surface damage; 

Insulates the I1functioningii sections, i.e., sand 
drain and low permeability barrier, from frost 
penetration. 

Fortifies erosion protection beneath the topsoil 
by affording increased water erosion velocities; 
and 

Permits deep root penetration without affecting 
the "functioningti sections to promote vigorous 
vegetation growth in an arid climate. 
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The o n - s i t e  s o i l  -used i n  t h e  compacted  zone b e n e a t h  t h e  

t o p s o i l  and  above  t h e  s a n d  d r a i n  w i l l  h ave  more t h a n  

35 p e r c e n t  p a s s i n g  t h e  N o .  2 0 0  s i e v e ,  w i t h  a l i q u i d  l i m i t  

g r e a t e r  t h a n  3 0  and a p l a s t i c i t y  i n d e x  g r e a t e r  t h a n  10.  

T h i s  s o i l  l a y e r  w i l l  be p l a c e d  i n  u n i f o r m  1 2 - i n c h  l o o s e  

l i f t s ,  compac ted  t o  a t  l e a s t  95  p e r c e n t  o f  t h e  maximum 

s t a n d a r d  Proctor  dens i ty .  The m a t e r i a l  w i l l  be p laced  a t  a 

m o i s t u r e  c o n t e n t  a t  o r  be low opt imum; however ,  s t r i c t  

m o i s t u r e  c o n t r o l  w i l l  no t  be r e q u i r e d  because a t  t h e  shal low 

d e p t h  of  p l a c e m e n t  these  s o i l s  w i l l  e x p e r i e n c e  n a t u r a l  

v a r i a t i o n s  i n  moi s tu re  conten t .  

T o p s o i l :  The t o p s o i l  l a y e r  w i l l  b e  c o n s t r u c t e d  u s i n g  on- _- 
s i t e  s o i l s .  The t o p s o i l  m i x t u r e  w i l l  t h e n  b e  s p r e a d  o v e r  

t h e  e n t i r e  c o v e r  a r e a  t o  b e  vege ta ted .  V e g e t a t i o n  o f  t h e  

c o v e r  is d i s c u s s e d  i n  S e c t i o n  4 . 4 .  The t o p s o i l  w i l l  b e  

p l aced  i n  a s i n g l e  uniform 12-inch l o o s e  (uncompacted) l i f t .  

-- R i p r a p :  -- T h e  a r e a  w h e r e  t h e  c o l l e c t e d  s u r f a c e  r u n o f f  f rom 

t h e  l a n d f i l l  t o p  d i scha rges  t o  t h e  e a s t e r n  f a c e  o f  t h e  

l a n d f i l l  w i l l  be  r i p r a p  p r o t e c t e d  i n  o r d e r  t o  p r e v e n t  

e r o s i o n  o f  t h e  f i n a l  c o v e r  due  t o  c o n c e n t r a t e d  f l o w s .  T h e  

m a t e r i a l  w i l l  be hard,  durable  rock having no more than  f i v e  

p e r c e n t  p a s s i n g  t h e  U . S .  s t a n d a r d  N o .  2 0 0  s i e v e .  T h e  
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average s i z e  ( D S 0 )  o f  r i p r a p  m a t e r i a l  r e q u i r e d  t o  res is t  

f l o w  v e l o c i t i e s  w i l l  b e  a b o u t  e i g h t  i n c h e s  b a s e d  o n  

Stephenson 's  method of a n a l y s i s  (Nelson, 1986) .  T h i s  method 

of a n a l y s i s  c o n s i d e r s  sheet  flow c o n d i t i o n s  and accounts  f o r  

f l o w s  w i t h i n  t h e  r i p r a p  m a t e r i a l .  T h e  maximum s i z e  of  

r i p r a p  w i l l  be 1 8 - i n c h e s  e q u a l  t o  t h e  t h i c k n e s s  o f  t h e  

r i p r a p  l aye r .  The r i p r a p  w i l l  be imported t o  t h e  site. 

E s t i m a t e d  f low v e l o c i t y  wi th in  t h e  r i p r a p  m a t e r i a l  is about  

1 f p s  which is less t han  those  p e r m i s s i b l e  f o r  t h e  compacted 

s o i l  l a y e r .  A s  a r e s u l t ,  r i p r a p  b e d d i n g  w i l l  n o t  b e  

r e q u i r e d .  S u p p o r t i n g  c a l c u l a t i o n s  f o r  r u n o f f  and e r o s i o n  

c o n t r o l  d e s i g n  a r e  presented  i n  Appendix 2. 

- S y n t h e t i c  __-_----------- Membrane: A 3 0 - m i l  h i g h  d e n s i t y  p o l y e t h y l e n e  

(HDPE) s y n t h e t i c  membrane w i l l  b e  p l a c e d  above  t h e  gas  - 

c o l l e c t i o n  l a y e r  and beneath t h e  sand d r a i n  a s  shown on t h e  

c r o s s  s e c t i o n  o n  F i g u r e  1 2 .  T h e  membrane  w i l l  b e  

manufactured f r o m  v i r g i n  f irst  q u a l i t y  r e s i n ,  designed and 

f o r m u l a t e d  s p e c i f i c a l l y  f o r  u s e  i n  h a z a r d o u s  w a s t e  

e n v i r o n m e n t s .  T h e  HDPE membrane w i l l  m e e t  t h e  f o l l o w i n g  

minimum s p e c i f i c a t i o n s :  
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Property 

Density (g/cc) 

Environmental Stress Crack 
(min., hrs.) 

Low Temp Brittleness 

Thickness 

Tensile Strength at Yield 
(Psi) 

Elongation at Yield 

Tear Resistance (lb) 

Carbon Black 

Test Method 

ASTM D-792 

ASTM D-1693 
Condition C 

ASTM D-746 

ASTM D-2103 

ASTM D-638 

ASTM D-638 

ASTM D-1004 
Die C 

ASTM D-1603 

Test Value 

0.935 

1,500 

-75OC 

-5% to + l o %  

2,000 

13% 

2 0  for 30-mil 
40 for 60-mil 

2% to 3% 

4.2.3 Depth of Materials 

The depth of the materials were determined to provide the 

specified performance for protection of human health and the 

environment while maintaining an efficient design. The 12- 

inch topsoil depth is typical for support of native 

vegetation in the semi-arid region. The compacted on-site 

soil below the topsoil will be placed 24 inches thick. 

Adequate frost protection and protection from surface 

abrasion is provided by the combined 12 inches of topsoil 

and 24 inches of compacted on-site soil. 
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The s a n d  d r a i n  l a y e r  w i l l  b e  s i x  i n c h e s  t h i c k .  T h e  s a n d  

d r a i n  above  t h e  s y n t h e t i c  membrane is s i z e d  based on 

i n f i l t r a t i o n  and  d r a i n a g e  c a l c u l a t i o n s  u s i n g  t h e  HELP 

computer model (Schroeder,  1983).  R e s u l t s  of t h e  modeling 

a r e  p r e s e n t e d  i n  Appendix 2 .  Based on t h e  maximum d r a i n  

l e n g t h  a n d  i n i t i a l  s l o p e s ,  a n d  u s i n g  a c o n s e r v a t i v e  

h y d r a u l i c  c o n d u c t i v i t y  on t h e  o r d e r  of 1 x l o e 3  c e n t i m e t e r s  

p e r  second, t h e  s ix- inch  s a n d  d r a i n  w i l l  accommodate design 

f lows.  

A 3 0 - m i l  HDPE membrane w i l l  be p laced  below t h e  sand d r a i n  

t o  l i m i t  i n f i l t r a t i o n  i n t o  t h e  l a n d f i l l .  The membrane w i l l  

be enc losed  by sand l a y e r s  t o  minimize p o t e n t i a l  damage and 

below f r o s t  d e p t h ,  t h e r e f o r e ,  a h e a v i e r  membrane was n o t  

j u s t i f i e d .  

A s ix - inch  sand l a y e r  w i l l  u n d e r l i e  t h e  s y n t h e t i c  membrane. 

T h i s  l a y e r  w i l l  c o l l e c t  g a s e s  genera ted  by t h e  l a n d f i l l  and 

a l l o w  c o n t r o l l e d  v e n t i n g  o f  t h e  g a s e s  t h r o u g h  t h e  f i n a l  

cover .  

T h e  r e c o m p a c t e d  i n t e r i m  c o v e r  m a t e r i a l  i s  a "second" 

component beneath t h e  s y n t h e t i c  membrane t o  minimize s u r f a c e  

i n f i l t r a t i o n .  The i n t e r i m  s o i l  cover  is comprised o f  sandy 
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clay materials and is between three and nine feet in depth 

(woodward-Clyde, 1974). The 12-inch thick recompacted layer 

will have a reduced hydraulic conductivity in comparison to 

the overlying gas layer. 

4.2.4 Volume of Materials 

The material volumes for the final cover are estimated as 

follows : 

Material 

Sand Drain 

Quantity 

15,700 yd3 

Gas Collection Layer 15,700 yd3 

Recompacted Interim Cover 31,300 yd3 
Compacted On-Site Soil (A-6 or A-7; 
compacted volume) 62,700 yd3 

Topsoil 

30-mil HDPE 

31,300 yd3 

845,000 ft2 

1,700 yd3 Riprap 

The material volumes may vary depending on final design and 

construction. 
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4.2.5 Source of Materials 

P r i o r  t o  f i n a l  des ign ,  borrow source  i n v e s t i g a t i o n s  w i l l  be  

c o n d u c t e d  t o  i d e n t i f y  and q u a n t i f y  m a t e r i a l s  f o r  c o v e r  

c o n s t r u c t i o n .  I f  a v a i l a b l e ,  a l l  n a t u r a l  cover  m a t e r i a l  w i l l  

b e  o b t a i n e d  f rom o n - s i t e  bor rows .  A n t i c i p a t e d  bor row 

s o u r c e s  a t  t h e  Rocky F l a t s  P l a n t  w i l l  be i n  t h e  v i c i n i t y  of 

t h e  l a n d f i l l ,  i n  t h e  b u f f e r  zone a n d / o r  w e s t  s p r a y f i e l d .  

The d i s t a n c e  t o  t h e s e  borrow sources  ranges  from less than  

0.25 t o  approximate ly  1.0 m i l e .  

- 

a If s a n d  m a t e r i a l  and r i p r a p  a r e  u n a v a i l a b l e  o n - s i t e  o r  

p r o c e s s i n g  is uneconomica l ,  t h e  s a n d  d r a i n  m a t e r i a l  and  

r i p r a p  w i l l  b e  i m p o r t e d  t o  t h e  s i t e .  T h e  m a t e r i a l s  

s p e c i f i e d  a r e  commonly a v a i l a b l e  t h r o u g h  l o c a l  s u p p l i e r s  

from borrow sources  i n  t h e  region.  Maximum hau l  d i s t a n c e s  

w i l l  range up t o  15 m i l e s .  

M a t e r i a l s  w i l l  be brought t o  t h e  s i t e  and p l aced  i n  sequence 

f rom c o n s t r u c t i o n  of  t h e  f i n a l  c o v e r  t o  a v o i d  s t o c k p i l i n g  

and  double  handling. 
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4 . 2 . 6  F i n a l  Cover Design 

Slope  of Cover: The minimum s l o p e  of t h e  cove r  w i l l  be two 

p e r c e n t  t o  p r o m o t e  ' s u r f a c e  r u n o f f  and r e d u c e  pond ing  and  

s u r f a c e  w a t e r  i n f i l t r a t i o n .  T h e  minimum s l o p e s  w i l l  occur  

on t h e  l a n d f i l l  t o p  where e x i s t i n g  s l o p e s  are n e a r l y  l e v e l .  

T h e  maximum s l o p e  for t h e  cover is 2 0  p e r c e n t  and w i l l  occur  

on t h e  e a s t e r n  f a c e  of  t h e  l a n d f i l l .  

_~--------- E r o s i o n  P r o t e c t i o n :  F i n a l  c o v e r  v e g e t a t i o n  w i l l  p r o v i d e  

e r o s i o n  p r o t e c t i o n  f r o m  s u r f a c e  r u n o f f .  C a l c u l a t i o n s  t o  

de t e rmine  maximum s u r f a c e  v e l o c i t i e s  r e l a t i v e  t o  p e r m i s s i b l e  

v e l o c i t i e s  f o r  v e g e t a t e d  s o i l  c o v e r  a r e  p r e s e n t e d  i n  

Appendix 2. V e l o c i t i e s  were c a l c u l a t e d  u s i n g  t h e  r a t i o n a l  

f o r m u l a  f o r  s u r f a c e  r u n o f f  a s suming  a 1 0 0 - y e a r ,  one-hour  

s torm even t ,  a d j u s t e d  f o r  t h e  t i m e  of c o n c e n t r a t i o n  f o r  t h e  

c e n t r a l  drainage swale. Flow v e l o c i t i e s  of  2.6 t o  4.0 feet  

p e r  s e c o n d  ( f p s )  w e r e  c a l c u l a t e d  u s i n g  Manning ' s  e q u a t i o n .  

Maximum v e l o c i t i e s  w i l l  o c c u r  a s  s l o p e s  i n c r e a s e  upon 

s e t t l e m e n t  of t h e  cover.  Pe rmis s ib l e  f low v e l o c i t i e s  below 

w h i c h  s u r f a c e  e r o s i o n  w i l l  n o t  o c c u r  w e r e  o b t a i n e d  f rom 

re fe renced  sources  (Nelson, 1986;  NAVFAC, 1 9 8 2 ) .  The range 

of p e r m i s s i b l e  v e l o c i t y  f o r  t h e  c o v e r  i s  4 t o  5 f p s .  

8 3  
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There fo re ,  t h e  e r o s i o n  of  t h e  s o i l  and v e g e t a t i o n  c o v e r  i s  

n o t  a n t i c i p a t e d  a s  a r e s u l t  of t h e  des ign  s torm event .  

I n  a d d i t i o n ,  t h e  c o m p a c t e d  o n - s i t e  s o i l  b e n e a t h  t h e  

1 2  i n c h e s  o f  t o p s o i l  c o n t a i n s  s a n d  a n d  g r a v e l  s i z e d  

p a r t i c l e s ,  which a r e  g e n e r a l l y  p r e s e n t  i n  t h e  col luvium n e a r  

t h e  l a n d f i l l .  I n  a d d i t i o n  t o  t h e  h i g h e r  f l o w  v e l o c i t i e s  

p e r m i t t e d  f o r  compacted  s o i l ;  t h e  l a r g e r  p a r t i c l e s  w i l l  

p rov ide  se l f - a rmor ing  should flow v e l o c i t i e s  i n c r e a s e  u n t i l  

t h e  o n - s i t e  compacted  s o i l  l a y e r  b e g i n s  t o  e r o d e .  As a 

r e s u l t ,  t h e  compacted  s o i l  l a y e r  w i l l  p r o v i d e  a d d i t i o n a l .  

e r o s i o n  c o n t r o l  f o r  t h e  f i n a l  c o v e r  i n  t h e  e v e n t  t h e  

v e g e t a t i v e  cover  is eroded o r  l o s t  on p o r t i o n s  of t h e  cover  

between maintenance per iods .  

4 . 2 . 7  F i n a l  Cover S t a b i l i t y  

____-- S l i d i n g  _-------- S t a b i l i t y :  T h e  s t a b i l i t y  of  t h e  p r o p o s e d  f i n a l  

c o v e r  was e v a l u a t e d  f o r  t h e  maximum s l o p e  o f  f i v e  t o  one.  

An i n f i n i t e  s l o p e  a n a l y s i s  w a s  p e r f o r m e d  t o  e v a l u a t e  t h e  

s l i d i n g  p o t e n t i a l  o f  t h e  o v e r l y i n g  d r a i n a g e  a n d  e r o s i o n a l  

l a y e r s  on t h e  s y n t h e t i c  membrane. T h i s  p o i n t  o f  t h e  c o v e r  

i s  c o n s i d e r e d  c r i t i c a l  f o r  s l i d i n g  a s  t h e  f r i c t i o n a l  

r e s i s t a n c e  b e t w e e n  t h e  s y n t h e t i c  membrane and t h e  ove r ly ing  
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s a n d  m a t e r i a l  i s  o n l y  a p p r o x i m a t e l y  6 0  p e r c e n t  o f  t h a t  o f  

t h e  s a n d  a n d  s e e p a g e  f o r c e s  may be p r e s e n t  w i t h i n  t h e  s a n d  

d r a i n .  

U s i n g  c o n s e r v a t i v e  a s s u m p t i o n s  f o r  s l i d i n g  r e s i s t a n c e  a n d  

seepage f o r c e s  w i t h i n '  t h e  s a n d  d r a i n ,  t h e  f i n a l  cover has a 

f a c t o r  of s a f e t y  a g a i n s t  s l i d i n g  i n  e x c e s s  of 1.5.  

S e t t l e m e n t  -___---_---- S t a b i l i t y :  F i n a l  c o v e r  s t a b i l i t y  w a s  a l s o  

e v a l u a t e d  w i t h  r e s p e c t  t o  d i f f e r e n t i a l  s e t t l e m e n t .  I f  the  

l a n d f i l l  mater ia l  were t o  se t t le  a t  a c o n s t a n t  r a t i o  t o  t he  

h e i g h t  o f  f i l l  m a t e r i a l ,  s e t t l e m e n t  a c r o s s  t h e  l a n d f i l l  

would r e s u l t  i n  minimal  s t r a i n s  on t h e  s y n t h e t i c  membrane. 

H o w e v e r ,  d u e  t o  t h e  n a t u r e  o f  t h e  l a n d f i l l  c o n s t r u c t i o n ,  

d i f f e r e n t i a l  s e t t l e m e n t  o f  t h e  c o v e r  is a n t i c i p a t e d .  Where 

d i f f e r e n t i a l  s e t t l e m e n t s  o c c u r  i n  sho r t  areas,  t h e  s y n t h e t i c  

membrane might  f a i l  under  s t r a i n .  T h e  s y n t h e t i c  membrane is 

q u i t e  e l a s t i c  i n  comparison t o  t h e  o t h e r  n a t u r a l  ma te r i a l s  

i n  f i n a l  c o v e r  d e s i g n .  T y p i c a l l y ,  a 3 0 - m i l  HDPE membrane  

c a n  w i t h s t a n d  e l o n g a t i o n s  o f  t e n  t o  15  p e r c e n t  p r i o r  t o  

y i e l d i n g .  Y i e l d  of t h e  membrane i s  t h e  p o i n t  a t  w h i c h  t h e  

membrane  t h i c k n e s s  i s  s i g n i f i c a n t l y  r e d u c e d ;  h o w e v e r ,  t h e  

membrane is s t i l l  i n t a c t .  Rupture  of t h e  m a t e r i a l  r e q u i r e s  

s t r a i n s  g r e a t e r  t h a n  1 0 0  p e r c e n t .  E v a l u a t i o n  o f  s t r a i n  
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s t a b i l i t y  of t he  membrane w a s  made by comparing t h e  t e n s i l e  

s t r e n g t h  of  t h e  s y n t h e t i c  membrane a t  y i e l d  t o  t h e  s l i d i n g  

r e s i s t a n c e  on t h e  membrane. The a n a l y s i s  i n d i c a t e d  t h a t  t h e  

l i n e r  would s l ide on t h e  sand  l a y e r  p r i o r  t o  reaching y i e l d  

s t r eng th .  C a l c u l a t i o n s  are presented  i n  Appendix 2. 

Due t o  t h e  e l a s t i c  c h a r a c t e r i s t i c s  o f  t h e  s y n t h e t i c  

m e m b r a n e ,  y i e l d i n g  o f  t h e  membrane  w o u l d  r e q u i r e  

d i f f e r e n t i a l  s e t t l e m e n t s  on the  o r d e r  of  f i v e  feet a c r o s s  a 

t e n - f o o t  s p a n .  Based on t h e  o p e r a t i n g  h i s t o r y  o f  t h e  

l a n d f i l l ,  it i s  n o t  a n t i c i p a t e d  t h a t  d i f f e r e n t i a l  

s e t t l e m e n t s  o f  t h i s  o r d e r  of  m a g n i t u d e  would o c c u r  w i t h i n  

t h e  l a n d f i l l .  

I n  s u m m a r y ,  t h e  s y n t h e t i c  membrane  i s  c a p a b l e  o f  

w i t h s t a n d i n g  l a r g e  s t r a i n s  r e s u l t i n g  f rom d i f f e r e n t i a l  

s e t t l e m e n t .  Due t o  c o v e r  l o a d s  and  h i g h  y i e l d  s t r e n g t h  o f  

t h e  membrane m a t e r i a l ,  t h e  membrane w i l l  s l i d e  a l o n g  t h e  

unde r ly ing  sand  l a y e r  p r i o r  t o  reaching  y i e l d  s t r a i n s .  T h e  

membrane movement w i l l  r e d i s t r i b u t e  stresses over  a g r e a t e r  

p o r t i o n  of  t h e  membrane and t h u s  r e d u c e  s t r a i n s .  T h e  

membrane w i l l  t h e r e f o r e  accommodate l a n d f i l l  s e t t l e m e n t  and 

r e t a i n  i t s  i n t e g r i t y .  

a 
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4 . 2 . 8  I n f i l t r a t i o n  Control  

I n f i l t r a t i o n  t h r o u g h  t h e  f i n a l  c o v e r  w i l l  i n i t i a l l y  be 

r e d u c e d  by s u r f a c e  g r a d i n g ,  e v a p o t r a n s p i r a t i o n  f rom t h e  

v e g e t a t i o n  c o v e r  and  t h e  r e d u c e d  p e r m e a b i l i t y  o f  t h e  

compacted s o i l  l aye r .  However, it is recognized  t h a t  some 

waters  w i l l  i n f i l t r a t e  b e n e a t h  t h e  compac ted  s o i l  l a y e r .  

F u r t h e r  i n f i l t r a t i o n  of the  water  w i l l  be reduced by p l a c i n g  

a 3 0 - m i l  HDPE s y n t h e t i c  membrane be low t h e  s i x - i n c h  s a n d  

d r a i n  l a y e r .  Most i n f i l t r a t i n g  waters  w i l l  t h e r e f o r e  b e  

d i v e r t e d  t h r o u g h  t h e  s a n d  d r a i n  and  o u t  t h e  cover. T h e  

s y n t h e t i c  membrane  w i l l  p r o v i d e  t h e  c o v e r  w i t h  a a ,  
p e r m e a b i l i t y  l e s s  t h a n  t h e  n a t u r a l  s o i l s  u n d e r l y i n g  t h e  

l a n d f i l l .  

Although t h e  i n t a c t  HDPE m a t e r i a l  is  f o r  p r a c t i c a l  purposes  

i m p e r m e a b l e ,  f i e l d  s e a m i n g  of  t h e  membrane p a n e l s ,  o t h e r  

c o n s t r u c t i o n  defects and damage may occur  t o  t h e  membrane. 

As a r e s u l t ,  there w i l l  be an e f f e c t i v e  p e r m e a b i l i t y  of t h e  

membrane b a s e d  on t h e  p e r c e n t a g e  a r e a  o f  defec ts  t o  t h e  

o v e r a l l  membrane a r e a .  Fo r  p u r p o s e s  o f  t h e  c o m p u t e r  

modeling, it was c o n s e r v a t i v e l y  assumed t h a t  f o r  every 100  

f e e t  of seam, t h e r e  was one  f o o t  h a v i n g  a h a i r l i n e  o p e n i n g  

o r  a n  e q u i v a l e n t  h o l e  o p e n i n g  o f  0 . 0 0 1  s q u a r e  f o o t .  Based 
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on t h e  p roposed  f i n a l  c o v e r  and t h e  assumed i n e f f i c i e n c y  of 

t he  s y n t h e t i c  membrane, t h e  HELP computer  model w a s  run  and 

a n  e s t ima ted  1 , 0 0 0  c u b i c  f e e t  o f  water  i n f i l t r a t e d  t h r o u g h  

the  s y n t h e t i c  membrane on a y e a r l y  b a s i s .  I n  compar i son  it 

is e s t i m a t e d  t h a t  1 4 4 , 0 0 0  c u b i c  f e e t  of  w a t e r  p e r  y e a r  

i n f i l t r a t e  t h e  e x i s t i n g  cover .  

T h e  s y n t h e t i c  membrane w i l l  be u n d e r l a i n  by a s i x - i n c h  s a n d  

l a y e r  w h i c h  w i l l  a c t  a s  a gas  c o l l e c t i o n  l a y e r .  However ,  41 

t h e  gas c o l l e c t i o n  l a y e r  w i l l  a l s o  p r o v i d e  d r a i n a g e  below 

the  s y n t h e t i c  membrane s h o u l d  waters  pond on t h e  u n d e r l y i n g  

i n t e r i m  c o v e r .  D r a i n a g e  co l l ec t ed  b y  t h i s  l a y e r  w i l l  be 

d i s c h a r g e d  i n t o  t h e  proposed  water c o l l e c t i o n  sys t em a l o n g  

t h e  e a s t e r n  boundary of  t h e  l a n d f i l l  a s  shown on F i g u r e s  1 0  

a n d  1 3 .  The  gas  c o l l e c t i o n  s y s t e m  w i l l  a l s o  serve a s  

bedd ing  l a y e r  f o r  t h e  s y n t h e t i c  membrane p r e v e n t i n g  damage 

t o  t h e  s y n t h e t i c  membrane a s  a r e s u l t  o f  c o n s t r u c t i o n  of t h e  

o v e r l y i n g  c o v e r  components. 

4 . 2 . 9  Cover Equipment 

For  c o n s t r u c t i o n  o f  t h e  f i n a l  cove r ,  s t a n d a r d  c o n s t r u c t i o n  

e q u i p m e n t  w i l l  b e  u t i l i z e d .  E q u i p m e n t  u t i l i z e d  i n  

c o n s t r u c t i o n  w h i c h  c o n t a c t s  t h e  i n t e r i m  c o v e r  w i l l  b e  
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decontaminated as  presented  i n  Sec t ion  3.3.2 p r i o r  t o  r e u s e  

i n  c o n s t r u c t i o n  of t he  f i n a l  cover. Decontamination of t h e  

equipment w i l l  p rec lude  t h e  p o s s i b i l i t y  of contaminat ion  of 

t h e  u p p e r  componen t s  of  t h e  c o v e r  by e q u i p m e n t .  A c t u a l  

c o n s t r u c t i o n  equipment and amount r e q u i r e d  t o  c o n s t r u c t  t h e  

f i n a l  cove r  will, f o r  t h e  most p a r t ,  be a t  t h e  c o n t r a c t o r ' s  

d i s c r e t i o n .  

Equipment r e q u i r e d  t o  recompact the  i n t e r i m  cover  and p l a c e  

t h e  g a s  c o l l e c t i o n  l a y e r  may c o n s i s t  o f  a w a t e r  t r u c k ,  

d o z e r s ,  f r o n t  e n d  l o a d e r s ,  c o m p a c t o r s  ( s h e e p s - f o o t ) ,  

h a r r o w i n g  d i s k s  a n d  dump t r u c k s  f o r  t r a n s p o r t i n g  o f  

m a t e r i a l .  D u r i n g  c o n s t r u c t i o n ,  o n l y  t h a t  e q u i p m e n t  

e s s e n t i a l  f o r  l a n d f i l l  r e g r a d i n g  a n d  i n t e r i m  c o v e r  

r e c o m p a c t i o n  w i l l  b e  p l a c e d  on t h e  i n t e r i m  c o v e r .  A s  

p r a c t i c a l ,  e q u i p m e n t  c u r r e n t l y  u s e d  i n  o p e r a t i o n  o f  t h e  

l a n d f i l l  w i l l  be u t i l i z e d  f o r  r e g r a d i n g  a n d  r e c o m p a c t i n g .  

T h i s  w i l l  minimize t h e  equipment r e q u i r i n g  decontaminat ion.  

During c o n s t r u c t i o n  of t h e  g a s  c o l l e c t i o n  equipment 

w i l l ,  a s  much a s  p r a c t i c a l ,  w o r k o n t o p  o f t h e i m p o r t e d s a n d  

and thus ,  w i l l  no t  r e q u i r e  decontamination. 

l a y e r ,  

I n s t a l l a t i o n  of t h e  s y n t h e t i c  membrane w i l l  r e q u i r e  t h e  u s e  

of  f r o n t  e n d  l o a d e r s  t o  t r a n s p o r t  r o l l  s t o c k  f o r  f i e l d  
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seaming. F i e l d  seaming equipment w i l l  be i n  accordance w i t h  

l i n e r  manufac turer ' s  s p e c i f i c a t i o n s .  

C o n s t r u c t i o n  e q u i p m e n t  u s e d  f o r  i n s t a l l a t i o n  o f  t h e  s a n d  

d r a i n  and  e r o s i o n  c o n t r o l  l a y e r s  w i l l  b e  s i m i l a r  t o  t h e  

e q u i p m e n t  u s e d  f o r  r e c o m p a c t i o n  o f  t h e  i n t e r i m  c o v e r  and  

i n s t a l l a t i o n  of  g a s  c o l l e c t i o n  l aye r .  However, on ly  smooth 

drum compactors  w i l l  be u t i l i z e d  f o r  placement of t h e  d r a i n  

l a y e r  and  t h e  f i r s t  1 2  i n c h e s  o f  compacted  s o i l  m a t e r i a l  

o v e r l y i n g  t h e  d r a i n .  T h e  s h e e p s - f o o t  c o m p a c t o r  w i l l  b e  

p r o h i b i t e d  from u s e  i n  o r d e r  t o  p r e c l u d e  damage t o  t h e  

s y n t h e t i c  membrane du r ing  compaction. Stopping o r  t u r n i n g  

of equipment on t h e  f i v e  t o  one s l o p e  w i l l  n o t  be p e r m i t t e d  

u n t i l  t he  f irst  1 2  i n c h e s  of compacted s o i l  h a s  been placed. 

P l a c e m e n t  o f  t h e  t o p s o i l ,  seed and  mulch on t h e  v e g e t a t i v e  

cover  r e q u i r e  d o z e r s  o r  t r a c t o r s  w i t h  c r imping  and  harrowing 

d i s c s ,  t r u c k s  f o r  h a y  m u l c h i n g .  a n d  seed a p p l i c a t i o n  

equipment. 

Date: J u l y  1, 1988 
Revis ion N o :  1 
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4.4 Vegetation 

The surface of the cap will be stabilized to decrease 

erosion by wind and water, and in a manner which will 

contribute to the development of a stable surface 

environment. This will be accomplished by establishing a 

vegetative cover on the cap. The total area requiring 

revegetation will be approximately 850,000 square feet. 

Vegetation of the cover will be conducted by seeding with a 

mixture of native grasses. The mixture will consist of: 

Grass 

Western Wheatgrass 
Thickspike Wheatgrass 
Little Bluestem 
Green Needlegrass 
Canby or Canada Bluegrass 

Quantity (pounds) 

6.0 
3.0 
2 .0  
2 .0  
1.0 - 
14.0 pure live 

seed/acre 

The properties of the native grass mix are: 

A root structure which will not penetrate the 
cover, 

Require no irrigation after the grass has been 
established, 

Be capable of withstanding the temperature range 
experienced at Rocky Flats, 

Require little fertilization after initial 
seeding, and 

9 2  
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B e  c o m p a t i b l e  w i t h  t h e  s o i l  p r o p e r t i e s ,  s u c h  a s  
pH, of the  v e g e t a t i v e  l a y e r .  

P r e p a r a t i o n  of t he  t o p s o i l  l a y e r  w i l l  i nc lude  r i p p i n g  of  t h e  

u p p e r  s i x  i n c h e s ,  a p p l y i n g  t w o  t o n s  p e r  a c r e  o f  weed f r e e  

na t ive  hay mulch and cr imping t h e  mulch w i t h  a c r imper  d i s c .  

T h e  f e r t i l i t y  o f  t h e  t o p s o i l  l a y e r  w i l l  be a n a l y z e d  i n  t h e  

first y e a r  and a p p r o p r i a t e  f e r t i l i ze r s  a p p l i e d  t o  t h e  cove r  

i n  t h e  s e c o n d  y e a r ,  i f  needed.  I r r i g a t i o n  w i l l  n o t  be  

r e q u i r e d .  A d d i t i o n a l  p e r i o d i c  m a i n t e n a n c e  w i l l  b e  

p e r f o r m e d ,  i n c l u d i n g  r e s e e d i n g  a n d  weed  c o n t r o l ,  a s  

necessary.  T h e  l a n d f i l l  cover  and v e g e t a t i v e  growth w i l l  be 

i n s p e c t e d  q u a r t e r l y  a s  s p e c i f i e d  i n  t h e  P a r t  B Post-Closure 

Care P e r m i t .  During t h i s  i n s p e c t i o n ,  t rees and bushes  w i l l  

be removed,  and  t h e . c o n d i t i o n  o f  t h e  v e g e t a t i o n  w i l l  be 

observed. 

4 . 5  F i n a l  Cover Maintenance 

Maintenance of  t h e  cover  w i l l  i n c l u d e  f i l l i n g  and r eg rad ing  

of s u r f a c e  . e r o s i o n  and reseeding  t o  ma in ta in  t h e  v e g e t a t i v e  

c o v e r .  I f  r e q u i r e d ,  r e p l a c e m e n t  o f  r i p r a p  m a t e r i a l  on t h e  

f a c e  of t h e  embankment w i l l  b e  performed. Gas v e n t i l a t i o n  

p i p e s  will be r e p a i r e d  o r  r e p l a c e d  a s  r e q u i r e d  t o  p r o v i d e  
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positive ventilation. Details of cover maintenance are 

presented in the post-closure care permit. 

4 . 6  Health and Safety Plan 

A site specific Health and Safety Plan, or such health and 

safety procedures identified in the Rocky Flats Plant 

Operational Safety Analysis (OSA), covering landfill closure 

activities will be prepared during final design. The plan 

will be submitted to the Colorado Department of Health for 

review and will comply with all applicable requirements. 

T h e  procedures presented below are guidelines that will be 

followed during closure activities. Additional procedures 

and details will be presented in the site specific Health 

and Safety Plan or the OSA. Worker safety guidelines, such 

as OSHA regulations, DOE orders and Rocky Flats Plant 

policies will be followed. Protective clothing will be 

similar in nature to: 

hardhats, 
hard-toe boots, 
Tyvek overboots, 
Tyvek suits, 
dust masks, and 
air-purifying respirators or self-contained 
breathing apparatus (optional). 

9 4  
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. .  

The i n t e n t  o f  t h i s  equ ipmen t  i s  t o  p r o v i d e  a b a r r i e r  t o  

i n h a l a t i o n ,  i n g e s t i o n  a n d  a b s o r p t i o n  o f  c o n t a m i n a t e d  

m a t e r i a l s .  Appropr ia te  p r o t e c t i v e  g loves  w i l l  be  used based 

'on t h e  contaminat ion  found a t  any p a r t i c u l a r  s i te .  

A i r  mon i to r ing  w i l l  be conducted i n  t h e  work area. P o r t a b l e  

high-volume (40 c f m )  samplers  o r  f i x e d  r a d i o a c t i v e  ambient  

a i r  s ample r s  ( 2 5  c f m )  w i l l  be  l o c a t e d  around t h e  excavat ion  

a r e a ,  i n c l u d i n g  a t  probable  downwind l o c a t i o n s .  

' A i r  m o n i t o r i n g  w i l l  also be c o n d u c t e d  u s i n g  hand-he ld  

p h o t o i o n i z a t i o n  d e t e c t o r s .  The s i t e  s p e c i f i c  h e a l t h  and  

s a f e t y  p l a n  o r  O S A  w i l l  p r e s e n t  l e v e l s ,  w h i c h  i f  exceeded ,  

w i l l  r e q u i r e  some a c t i o n  be t a k e n ,  s u c h  a s  i n c r e a s i n g  

r e s p i r a t o r y  p r o t e c t i o n  o r  work c e s s a t i o n .  

A Rocky F l a t s  Environmental Sc iences  r e p r e s e n t a t i v e  w i l l  be 

m o n i t o r i n g  c o n d i t i o n s  d u r i n g  e x c a v a t i o n  a c t i v i t i e s .  T h i s  

p e r s o n  w i l l  have  t h e  a u t h o r i t y  and r e s p o n s i b i l i t y  t o  

t e r m i n a t e  t h e  work i f  any of t h e  fol lowing e v e n t s  occur:  

Wind speeds exceed 2 4  km/hr (15 mph). 

Any v i s i b l e  d u s t  i s  p r e s e n t  o r  t h e r e  i s  a n y  
i n d i c a t i o n  t h a t  d u s t  c o n t r o l  m e a s u r e s  a r e  
inadequate .  
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The total long-lived alpha concentrations measured 
on filters from high-volume samplers exceed 
0.06 pCi/m3. Dust control procedures will then be 
re-evaluated. 

Power failure. 

Heavy rainfall or snow. 

Airborne contamination may require upgrading dust masks to 

air-purifying respirators or self-contained breathing 

apparatus. Sudden increases in airborne contamination due 

to excavation in localized highly contaminated areas may be 

addressed by a temporary cessation of work until natural 

dissipation reduces contamination. 

4.7  Quality Assurance and Quality Control 

4.7.1 Quality Control 

Quality control of the landfill closure will include 

materials, lines and grades, and placement. The specific 

method for controlling the quality of material in each of 

these areas will be presented in the final construction 

specifications, general quality control guidelines are 

presented below. 

9 6  
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Control of material quality will be by random sampling at 

specified intervals. Earthen materials may be tested for 

their characteristics such as gradation, Atterberg limits, 

moisture-density relation, specific gravity and durability. 

Manufactured materials will be certified by the manufacturer 

that it meets the project specifications. Throughout the 

closure of the landfill, materials utilized will be visually 

observed during placement to see that the materials meet the 

intended use and project specifications. 

Control of lines and grades during closure will be by 

surveying. Surveys will be conducted under the supervision 

of a registered land surveyor. Deviation from construction 

drawings will be indicated and as-built drawings showing 

constructed lines and grades will be prepared upon 

completion. 

Control of placement will overall be by visual observation 

~ 

of the methods, equipment and practices utilized for 

placement of materials. Earthen materials 'will also be 

tested for proper placement by in-place testing of moisture, 

densities and gradations, as applicable. Control of 

imported materials, sand and riprap, w i l l  be by random 

sampling of.trucks. These materials will be sampled at 
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least every 1,000 cubic yards (cy) and tested for gradation 

and durability. Additional testing will be conducted if 

materials appear to vary significantly between truck loads. 

The riprap material will also be tested in at least in two 

locations for the in-place gradation. On-site materials 

will be tested for gradation and Atterberg limits every 

1,000 cy. If gradations or Atterberg limits vary 

significantly, from previous materials a standard Proctor 

density curve shall will developed for the material. In- 

place density and moisture content will be tested for every 

1,000 cy of material placed. A s  a minimum, one in-place 

moisture-density test will be taken per day per lift during 

fill compaction. Manufactured materials will be tested, as 

appropriate, to determine that field installation methods 

have produced the required quality of product. The 

. synthetic membrane will have all field seams tested in 

accordance with the manufacturer's recommendations. As a 

minimum; all field seams will be visually inspected. 

Quality control testing will be performed in accordance with 

ASTM or other recognized test procedures. 

9 8  
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4 . 7 . 2  Q u a l i t y  Assurance 

To a s s u r e  t h a t  t h e  q u a l i t y  c o n t r o l  p l a n  is be ing  implemented 

d u r i n g  c l o s u r e  o f  t h e  f a c i l i t y ,  a q u a l i t y  a s ’ s u r a n c e  p l a n  

w i l l  a l s o  b e  s e t  f o r t h  a s  p a r t  o f  t h e  f i n a l  c o n s t r u c t i o n  

documents .  The q u a l i t y  a s s u r a n c e  p l a n  w i l l . s e t  f o r t h  t h e  

t i m e  i n t e r v a l s  b e t w e e n  q u a l i t y  a s s u r a n c e  r e v i e w s ,  

i n f o r m a t i o n ’ t o  be reviewed and procedures  f o r  c o r r e c t i o n  of  

q u a l i t y  c o n t r o l  p r o b l e m s  i f  p r e s e n t .  As a minimum, t h e  

q u a l i t y  c o n t r o l  program w i l l  be  r e v i e w e d  a t  a p o i n t  when 

a p p r o x i m a t e l y  2 0  p e r c e n t  of  t h e  work i s  c o m p l e t e d ,  a t  

approximate ly  60 p e r c e n t  complet ion and a t  complet ion.  The 

q u a l i t y  a s s u r a n c e  reviews s h a l l  i n c l u d e  a l l  t e s t  r e s u l t s  

s u b s e q u e n t  t o  t h e  p r e v i o u s  r e v i e w ,  o b s e r v a t i o n  of t e s t  

procedures ,  review of randomly selected t e s t  worksheets  and 

e v a l u a t i o n  of t h e  procedures  f o r  q u a l i t y  c o n t r o l  checks. 

i- 

The q u a l i t y  assurance  p lan  w i l l  be dependent on t h e  q u a l i t y  

c o n t r o l  s p e c i f i c a t i o n s  and t h e  t i m e  s c h e d u l e  f o r  c l o s u r e .  

I t  i s  a n t i c i p a t e d  t h a t  t h e  c e r t i f y i n g  eng inee r  f o r  c l o s u r e  

w i l l  p rov ide  q u a l i t y  assurance  reviews. 
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5.0 COLLECTION, REMOVAL AND TREATMENT O F  LEACHATE AND 
GROUND-WATER 

5.1 I n t r o d u c t i o n  

A sys tem w a s  i n s t a l l e d  around t h e  p e r i m e t e r  of t h e  l a n d f i l l  

i n  1 9 7 4  a s  p a r t  o f  t h e  l a n d f i l l  e x p a n s i o n .  The s y s t e m  w a s  

d e s i g n e d  t o  c o l l e c t  and remove l eacha te  from w i t h i n  t h e  

l a n d f i l l  and t o  i n t e r c e p t  and d i v e r t  uncontaminated ground- 

water  f l o w  o u t s i d e  of  t h e  l a n d f i l l  away from t h e  l a n d f i l l  

area.  T h e  l eacha te  c o l l e c t i o n  s y s t e m  was i n t e n d e d  t o  

i n t e r c e p t  l e a c h a t e  and lower ground-water l e v e l s  w i t h i n  t h e  

l a n d f i l l .  F o r  t h e  s u b s e q u e n t  e x p a n s i o n  o f  t h e  l a n d f i l l  i n  

1982 ,  t h e  ground-water d i v e r s i o n  was extended us ing  a s o i l -  

b e n t o n i t e  s l u r r y  w a l l  a s  shown on Figure  3 .  The s l u r r y  w a l l  

w a s  i n t e n d e d  t o  r e d u c e  m i g r a t i o n  o f  g round  w a t e r  i n t o  t h e  

l a n d f i l l  area only,  no p r o v i s i o n s  were made for c o l l e c t i o n  

and d i v e r s i o n  of t h e  ground water. 
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5.2 Existing Leachate Collection System 

The existing leachate collection system was constructed in 

1974, as shown on Figures 3 and 4. The construction of the 

leachate collection system is discussed in more detail in 

Section 2.2. At present, the leachate collection system is 

covered by landfill wastes and the original discharge points 

for the system were covered during expansion of the 

landfill. Based on current water level measurements within 

the landfill, presented in Appendix 6, it does not appear 

that the leachate collection system is lowering water levels 

within the landfill. Causes of disfunctioning may include 

blockage of the discharge points by landfill material, 

migration of the landfilled material into the collection 

system and migration or installation of slurry wall material 

through the collection system. 

5.2.1 Maintenance of Leachate Collection Systems 

Based on current ground-water levels, the existing leachate 

collection system does not appear to be functioning. 

Several factors may be influencing the functioning of the 

system. Based on the overall closure plan for the landfill, 

the existing leachate collection system would  not be of 
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s i g n i f i c a n t  b e n e f i t .  Therefore ,  t h e  e v a l u a t i o n  a n d ' r e m e d i a l '  

c o n s t r u c t i o n  n e c e s s a r y  t o  r e - e s t a b l i s h  f u n c t i o n i n g  o f  t h e  

d r a i n  is n o t  j u s t i f i e d .  

5 . 2 . 2  Volume of  Leachate 

The e x i s t i n g  l e a c h a t e  c o l l e c t i o n  system may have c o l l e c t e d  

some l e a c h a t e  i n i t i a l l y ;  however, t h e r e  is no documentation 

o f t h e v o l u m e  o f  water  c o l l e c t e d b y  t h e  s y s t e m .  

5 . 3  Ground-Water Cont ro l  System 

5 . 3 . 1  E x i s t i n g  Ground-Water Control System 

A system t o  c o n t r o l  ground-water mig ra t ion  i n t o  t h e  e x i s t i n g  

l a n d f i l l  w a s  c o n s t r u c t e d  a t  t h e  s i t e  i n  1 9 7 4  and extended i n  

1982. Details r ega rd ing  t h e  des ign  and c o n s t r u c t i o n  of t h e  I, 

s y s t e m  a r e  p r e s e n t e d  i n  S e c t i o n  2 .2 .  The e x i s t i n g  ground-  

water  c o n t r o l  s y s t e m  i s  c o m p r i s e d  o f  t w o  components .  The 

f irst  component is a d ra inage  b l anke t  ex tending  through t h e  

overburden s o i l s  t o  o r  near  t o  t h e  t o p  of bedrock. Ground- 

water  flow i n t e r c e p t e d  by t h e  b lanket  d r a i n  was designed t o  

be c o l l e c t e d  i n  d ra inage  p ipe  and d ischarged  i n t o  downstream 

1 0 2  



C07890010526 Date: J u l y  1, 1988 
Revis ion N o :  1 

p o n d s  o r  t h e  s u r f a c e  d r a i n a g e  d o w n g r a d i e n t  of t h e  ponds.  

The s e c o n d  component o f  t h e  s y s t e m  i s  a s o i l - b e n t o n i t e  

s l u r r y  w a l l  t y i n g  i n  w i t h  t h e  d r a i n  s y s t e m  and  e x t e n d i n g  

downstream of t h e  l a n d f i l l .  

5 .3 .1 .1  Blanket  Drain 

A s  o r i g i n a l l y  i n t e n d e d ,  t h e  b l a n k e t  d r a i n  s y s t e m  would 

i n t e r c e p t  a n d  d i v e r t  sha l low ground-water f l o w s  away from 

t h e  l a n d f i l l .  Wi th  t h e  e x p a n s i o n  o f  t h e  l a n d f i l l  i n t o  t h e  

t r e n c h  c o n t a i n i n g  t h e  b l a n k e t  d r a i n ,  the d r a i n  may h a v e  

c o l l e c t e d  l e a c h a t e  which  migra tes  t h r o u g h  t h e  c l a y  l i n e r  

o v e r l y i n g  t h e  b l anke t  d r a i n .  

Based on w a t e r  l e v e l  measu remen t s  i n  t h e  f i r s t  q u a r t e r  o f  

1 9 8 8  ( A p p e n d i x  6 ) ,  t h e  d r a i n  a p p e a r s  o n l y  p a r t i a l l y  

e f f e c t i v e .  M o n i t o r i n g  w e l l s  p l a c e d  a t  t h e  w e s t e r n  e n d  o f  

t h e  l a n d f i l l  i n d i c a t e  a drawdown i n  g r o u n d - w a t e r  l e v e l s  

a d j a c e n t  t o  t h e  d r a i n .  However ,  w a t e r  l e v e l s  i n  t h e  

moni tor ing  w e l l s  e s t a b l i s h e d  a t  t h e  no r th  and sou th  s ides  of  

t h e  l a n d f i l l  n e a r  t h e  i n t e r s e c t i o n  o f  t h e  s l u r r y  w a l l  and  

b l a n k e t  d r a i n  show no a p p r e c i a b l e  e f f e c t  of t h e  d r a i n .  A s  a 

r e s u l t ,  

impounded a t  t h e  e a s t e r , n  e n d s  o f  t h e  s y s t e m .  

w a t e r  c o l l e c t e d  by t h e  b l a n k e t  d r a i n  s y s t e m  is 

A s  t h e  d r a i n  a 
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pipe provides the only outlet of discharge from the system, 

the improper functioning of the system may be the result of 

the outlet being closed. 

The blanket drain system, if functional, would aid in 

reducing water levels within the landfill. During final 

design, this system w i l l  be evaluated to see if it can be 

made functional. Evaluation of the system will include 

locating the discharge system valves, shown on Figure 3 ,  to 

determine their operating position. The valves will be 

positioned such that all discharge is routed to the east 

pond. The discharge pipe in the vicinity of the slurry wall 

will be exposed and the piping upgradient and downgradient 

checked for blockage. As practical, valves and piping will 

be repaired or replaced to return the blanket drain system 

to working order. If the system cannot be made functional, 

the drain pipe outlet will be permanently blocked to reduce 

pathways for leachate migration out of the landfill. 

I 

5.3.1.2 Slurry Wall 

The actual effectiveness of the slurry wall component cannot 

be evaluated because as-built * documents are not available. 

However, as originally designed, the slurry wall will 
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p r o v i d e  a b a r r i e r  t o  g r o u n d - w a t e r  m i g r a t i o n  i n t o  t h e  

l a n d f i l l  a n d  t h u s  r e d u c e  o v e r a l l  water  l e v e l s  w i t h i n  t h e  

l a n d f i l l .  

5 . 3 . 2  Proposed Ground-Water C o l l e c t i o n  S y s t e m  

5 . 3 . 2 . 1  I n t r o d u c t i o n  

Based on r e c e n t  ground-water q u a l i t y  sampling and a n a l y s i s ,  

Appendix 6, t h e  l a n d f i l l  does  appear  t o  have had some impact  

t o  g r o u n d - w a t e r  q u a l i t y .  I m p a c t s  t o  g r o u n d - w a t e r  q u a l i t y  

from hazardous c o n s t i t u e n t s  is l i m i t e d  t o  i n c o n s i s t e n t ,  l o w -  

l e v e l  c o n c e n t r a t i o n s  up  .and d o w n g r a d i e n t  o f  t h e  l a n d f i l l .  

T h e r e f o r e ,  t h e  l a n d f i l l  d o e s  n o t  a p p e a r  t o  be  d i r e c t l y  

impact ing ground water  w i t h  hazardous c o n s t i t u e n t s .  

Because  there  a r e  i m p a c t s  t o  g r o u n d - w a t e r  q u a l i t y  a t  t h e  

s i te ,  r e l a t i v e l y  high water l e v e l s  w i t h i n  t h e  l a n d f i l l  and 

a s  c l o s u r e  ac t iv i t i e s  could r e s u l t  i n  changes i n  t he  q u a l i t y  

o f  w a t e r  f r o m  b e n e a t h  t h e  l a n d f i l l ,  a g r o u n d - w a t e r  

c o l l e c t i o n  system is proposed f o r  c losu re .  
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5 . 3 . 2 . 2  Proposed C o l l e c t i o n  System 

T h e  g r o u n d - w a t e r  c o l l e c t i o n  s y s t e m  w i l l  be  c o n s t r u c t e d  a t  

t h e  downs t r eam t o e  of  t h e  f i n a l  l a n d f i l l  c o v e r  a s  shown on  

F i g u r e  9. The c o l l e c t i o n  sys t em w i l l  be a g r a v e l  d r a i n  

e x c a v a t e d  t h r o u g h  t h e  s u r f a c e  c o l l u v i a l  a n d  a l l u v i a l  

m a t e r i a l  i n t o  t h e  under ly ing  c l a y s t o n e  bedrock a s  shown on 

F i g u r e  1 2 .  The d r a i n  w i l l  l o w e r  wa te r  l e v e l s  w i t h i n  t h e  

l a n d f i l l  and c o l l e c t  p o t e n t i a l l y  impacted ground-water f lows  

w i t h i n  t h e  s u r f a c e  s o i l s  and s h a l l o w  b e d r o c k .  C o l l e c t e d  

wa te r  w i l l  be pumped t o  t h e  e a s t  pond a r e a .  

The p r o p o s e d  c o l l e c t i o n  s y s t e m  w i l l  be d e s i g n e d  u s i n g  

c r i t e r i a  f o r  water  s t o r a g e  p r o j e c t s .  Such  c r i t e r i a  have  

p r o v e n  s u c c e s s f u l  f o r  c o n s t r u c t i o n  o f  l o n g - t e r m ,  no  

m a i n t e n a n c e  d r a i n a g e  s y s t e m s .  Based on  c u r r e n t  water  

q u a l i t y  in fo rma t ion ,  no s i g n i f i c a n t  chemica l  r e a c t i o n s  such 

a s  o x i d a t i o n ,  r e d u c t i o n  o r  p r e c i p i t a t i o n  would o c c u r  a s  

i n t e r c e p t e d  waters e n t e r  t h e  d r a i n  system which could a f f e c t  

d r a i n  f u n c t i o n i n g .  Pump a n d  p i p i n g  r e p a i r  a n d / o r  

replacement  may be r equ i r ed  dur ing  t h e  o p e r a t i n g  l i f e  of t h e  

c o l l e c t i o n  s y s t e m .  I t  is a n t i c i p a t e d  t h a t  s t a b l e  ground-  

w a t e r  l e v e l s  a n d  w a t e r  q u a l i t y  w i l l  be a c h i e v e d  d u r i n g  
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c l o s u r e  o f  t h e  l a n d f i l l  s u c h  t h a t  l o n g - t e r m  p u m p i n g  

o p e r a t i o n  of t h e  c o l l e c t i o n  system w i l l  no t  be r equ i r ed .  

T h e  proposed ground-water c o l l e c t i o n  system is  es t imated  t o  

have a d i s c h a r g e  of about  one g a l l o n  p e r  minute. T h e  a c t u a l .  

v o l u m e  c o l l e c t e d  b y  t h e  s y s t e m  w i l l  b e  d e p e n d e n t  o n  

s u b s u r f a c e  c o n d i t i o n s  encountered du r ing  c o n s t r u c t i o n  of t h e  

d r a i n .  T h e  p r e s e n c e  o f  more p e r v i o u s  s o i l s  a n d  s a n d s t o n e  

l e n s e s  w i t h i n  t h e  bedrock may i n c r e a s e  flows. O t h e r  f a c t o r s  

i n f l u e n c i n g  volumes  c o l l e c t e d  by t h e  s y s t e m  a re  l o n g - t e r m  

s t a b i l i z e d  w a t e r  l e v e l s  w i t h i n  t h e  l a n d f i l l  a n d  t h e  

e f f e c t i v e n e s s  o f  r e p a i r s  t o  t h e  e x i s t i n g  g r o u n d - w a t e r  

c o n t r o l  s y s t e m .  A 3 0 - m i l  HDPE membrane w i l l  b e  p l a c e d  on 

t h e  downstream s i d e  of t h e  d r a i n  t o  reduce in f low from t h e  

e a s t  pond. 

During f i n a l  des ign ,  an e v a l u a t i o n  of t h e  s i t e  w i l l  be made 

t o  d e t e r m i n e  i f  a c u t  o f f  w a l l  e x t e n d i n g  d e e p e r  t h a n  t h e  

e x i s t i n g  sys tems c a n  be i n s t a l l e d  t o  e l i m i n a t e  ground-water 

m i g r a t i o n  i n t o  t h e  l a n d f i l l .  Based on t h e  e n g i n e e r i n g  

s t u d i e s  d u r i n g  f i n a l  d e s i g n ,  t h e  c u t  o f f  w a l l  may b e  

i n s t a l l e d  t o  effect  a d d i t i o n a l  ground-water c o n t r o l .  

107 



C07890010526 

5 . 4  Water S t o r a a e  

be d i s c h a r g e d  

e v a p o r a t i o n .  

discharge impoi 

Date: J u l y  1, 1988 
Revis ion N o :  1 

The w a t e r  c o l l e c t e d  by t h e  ground-water c o n t r o l  sys tems w i l l  

t o  t h e  e x i s t i n g  e a s t  pond f o r  s t o r a g e  and  

T h e  e a s t  pond w i l l  be  o p e r a t e d  a s  a z e r o  

ndment t o  s u r f a c e  d ra inages  f o r  t h e  100-year, 

24-hour s t o r m  even t  a f t e r  c losu re .  

Dur ing  c l o s u r e  o f  t h e  l a n d f i l l ,  t h e  wa te r  e l e v a t i o n  i n  t h e  

e a s t  pond w i l l  be  lowered  t o  a maximum e l e v a t i o n  o f  a b o u t  

5915. T h i s  maximum pool e l e v a t i o n  w i l l  be main ta ined  d u r i n g  

p o s t - c l o s u r e  r e s u l t i n g  i n  a p p r o x i m a t e l y  11 acre-feet of 

e x c e s s  s t o r a g e  i n  t h e  pond. T h i s  e x c e s s  s t o r a g e  w i l l  h o l d  

a l l  t h e  runof f  from t h e  100-year des ign  s torm.  Excess pond 

w a t e r  w i l l  be sp ray  evaporated,  pumped t o  an e x i s t i n g  COPDES 

p e r m i t t e d  d i s c h a r g e  p o i n t  o r  d ischarged  under a new COPDES 

p e r m i t  f o r  t h e  e a s t  pond. F i n a l  e x c e s s  s t o r a g e  vo lume  and  

water  e l e v a t i o n s  w i l l  be determined du r ing  f i n a l  des ign .  

5 . 5  Water Treatment 

Based on  r e c e n t  s a m p l i n g  and a n a l y s i s  (Appendix 6 ) ,  t h e  

q u a l i t y  .of wa te r  c o l l e c t e d  by t h e  ground-water i n t e r c e p t i o n  

systems would not  r e q u i r e  t r e a t m e n t  p r i o r  t o  d i s c h a r g e  i n t o  
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t h e  east  pond. However, c l o s u r e  ac t iv i t i e s  f o r  t h e  l a n d f i l l  

w i l l  r e s u l t  i n  r educ t ion  of ground-water l e v e l s  w i t h i n  t h e  

l a n d f i l l  a rea .  Changes i n  g r o u n d - w a t e r  c o n d i t i o n s  w i t h i n  

t h e  l a n d f i l l  may r e s u l t  i n  v a r i a t i o n s  i n  water  q u a l i t y .  

Water c o l l e c t e d  by t h e  systems w i l l  be analyzed on a r o u t i n e  

b a s i s  a t  the d i s c h a r g e  p o i n t  and  i n  t h e  e a s t  pond, a n d  

a p p r o p r i a t e  management methods i n s t i t u t e d  i f  contaminat ion  

i s  found.  C r i t e r i a  f o r  e v a l u a t i n g  wa te r  c o n t a m i n a t i o n  i s  

p resen ted  i n  Appendix 6. 

S h o u l d  v a r i a t i o n s  i n  t h e  water  q u a l i t y  be s u f f i c i e n t  t o  

r e q u i r e  t r e a t m e n t  of t h e  e a s t  pond w a t e r s ,  a t r e a t m e n t  

system w i l l  be cons t ruc t ed  t o  handle  contaminated waters a t  

t h e  p l a n t  s i te .  

5 .6  Ground-Water Monitoring 

A s s e s s m e n t  and  m o n i t o r i n g  of  g r o u n d - w a t e r  q u a l i t y  and  

c o n t a m i n a t i o n  w i l l  b e  c o n d u c t e d  u t i l i z i n g  t h e  e x i s t i n g  

m o n i t o r i n g  w e l l s  a t  t h e  l a n d f i l l .  M o n i t o r i n g  w e l l s  

i n s t a l l e d  f o r  a d d i t i o n a l  e n g i n e e r i n g  s t u d i e s  w i l l  a l s o  be 

u t i l i z e d  a s  a p p r o p r i a t e .  M o n i t o r i n g  p r i o r  t o  and d u r i n g  

c l o s u r e  of  t h e  l a n d f i l l  w i l l  b e  b y  r o u t i n e  q u a r t e r l y  

m o n i t o r i n g  of  a l l  e x i s t i n g  wells and t h o s e  s e l e c t e d  from 
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additional studies. In addition, the east pond will be 

sampled quarterly at the west and east ends. 

Post-closure monitoring of ground-water is discussed in 

Section E of the Post-Closure Care Permit. 
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. .. : 

6.0 GAS COLLECTION 

6.1 Introduction 

The disposal of solid waste by landfilling employs 

engineering principles and construction methods to confine 

waste to the smallest area practical, compact the waste into 

the lowest volume possible, and cover the waste with layers 

of soil to limit exposure of the materials to the 

environment. This method inadvertently creates conditions 

in which gases may be produced, vented to the atmosphere and 

migrate laterally through the soil to outlying areas. 

Gas production is stimulated by biodegradable materials such 

as food wastes, paper, textiles and wood. The period of gas 

generation from a solid waste landfill may range from a few 

years to tens of years. The active gas production life is 

dependent on site-specific conditions including the levels 

of oxygen present, moisture content of the wastes, pH, 

temperature and waste composition. Some components of 

landfill-generated gas are methane, hydrogen sulfide and 

carbon dioxide. 
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A s o i l - g a s  survey  was conducted a t  t h e  l a n d f i l l  t o  e v a l u a t e  

l e v e l s  o f  me thane  and hydrogen  s u l f i d e  b e i n g  gene ra t ed  by 

t h e  l a n d f i l l .  The r e s u l t s  o f  t h e  s u r v e y  are  p r e s e n t e d  i n  

t h e  r e p o r t  by Chen & Associa tes  i n  Appendix 3 .  The r e s u l t s  

of t h e  s u r v e y  i n d i c a t e d  l i t t l e  o r  no  m e t h a n e  and  hydrogen  

s u l f i d e  g e n e r a t i o n  from t h e  l a n d f i l l .  However, r e a d i n g s  

from t h e  p o r t a b l e  g a s  chromatograph u t i l i z e d  i n  t h e  survey  

d i d  i n d i c a t e  t h e  presence of  o t h e r  v o l a t i l e  compounds. The 

unknown compounds were no t  i d e n t i f i e d  no r  q u a n t i f i e d  as  p a r t  

of t h e  survey. 

6 . 3  Gas C o l l e c t i o n  Sys tem 

Based on t h e  r e s u l t s  of t h e  s o i l - g a s  survey,  a l a r g e  a c t i v e  

gas  c o l l e c t i o n  and v e n t i l a t i o n  s y s t e m  a p p e a r s  u n n e c e s s a r y  

for t h e  l a n d f i l l  c l o s u r e .  However, some low l e v e l s  o f  

me thane  w e r e  detected i n  t h e  s u r v e y  and o t h e r  unknown 

compounds w e r e  p r e s e n t  i n  t h e  l a n d f i l l  so i l -gas .  Due t o  t h e  

p r e s e n c e  o f  t h e  s y n t h e t i c  m e m b r a n e ,  l o w  l e v e l  g a s  

c o n c e n t r a t i o n s  c o u l d  c o l l e c t  b e n e a t h  t h e  m e m b r a n e .  

Co l l ec t ed  g a s e s  would mig ra t e  through t h e  membrane a t  f l a w s  

o r  defects w i t h i n  t h e  membrane. I t  is no t  a n t i c i p a t e d  t h a t  
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t h e  gas l e a k a g e  would be s i g n i f i c a n t  enough t o  r e s u l t  i n  a 

h e a l t h  o r  e n v i r o n m e n t a l  h a z a r d :  however ,  l e a k a g e  c o u l d  

a d v e r s e l y  a f f ec t  the  v e g e t a t i v e  cover.  

Although t h e  soil-gas survey i n d i c a t e d  low l e v e l s  of methane 

and  h y d r o g e n  s u l f i d e  a t  t h e  l a n d f i l l ,  c l o s u r e  a c t i v i t i e s  

w i l l  l o w e r  w a t e r  l e v e l s  w i t h i n  t h e  l a n d f i l l .  L a n d f i l l  

m a t e r i a l  p r e v i o u s l y  below t h e  w a t e r  s u r f a c e  may unde rgo  

a e r o b i c  d i g e s t i o n  upon d e w a t e r i n g ,  r e s u l t i n g  i n  g a s  

gene ra t ion .  The amount of gas  gene ra t ed  du r ing  water l e v e l  

drawdowns w i l l  be dependen t  on t h e  amount  of drawdown 

a c h i e v e d ,  t y p e s  of  l a n d f i l l  m a t e r i a l  w i t h i n  t h e  a r e a  of  

drawdown a n d  amount  of p r e v i o u s  b i o d e g r a d a t i o n  w h i c h  h a s  

occurred  i n  t h e  m a t e r i a l s .  

A s  a p r e c a u t i o n  a g a i n s t  f u t u r e  g e n e r a t i o n  of l a n d f i l l  gases  

and t o  r educe  t h e  p o t e n t i a l  f o r  v e g e t a t i v e  cover  stress due 

t o  c o n c e n t r a t e d  l e a k a g e  o f  g a s e s  t h r o u g h  t h e  membrane, a 

p a s s i v e  g a s  c o l l e c t i o n  and ven t ing  system w i l l  be i n s t a l l e d  

on t h e  l a n d f i l l .  The  s y s t e m  w i l l  c o n s i s t  o f  a s i x - i n c h  

l a y e r  of s a n d  p l aced  below t h e  s y n t h e t i c  membrane and vented 

a r o u n d  t h e  p e r i m e t e r  and a c r o s s  t h e  f r o n t  c res t  of  t h e  

l a n d f i l l  a t  a 200-foot  s p a c i n g .  T h e  v e n t  p i p e s  w i l l  be  

p l a c e d  a p p r o x i m a t e l y  two f e e t  above  t h e  f i n a l  c o v e r  w h i c h  
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even in low wind situations will provide a negative pressure 

gradient on the vent to exhaust collected gases. The 

proposed gas collection and ventilation system is shown on 

Figure 11. The gas vent pipes will be constructed of HDPE 

material in order to ease sealing with the synthetic 

membrane. 

6.4 Gas Collection System Maintenance 

As part of the post-closure maintenance of the cover, 

explosimeter measurements w i l l  be taken in the.gas vent 

pipes to monitor the performance of the system and potential 

changes in gas generation from the landfill. If monitoring 

indicates significant increases in the gas generation from 

the landfill, modification of the gas collection and 

ventilation system may be implemented. Modifications may 

include the addition of turbines to the ventilation pipes to 

actively draw gases from the collection layer and/or 

installation of additional vent pipes in the final cover. 

Intervals and criteria for evaluating changes in gases will 

be set forth in the post-closure permit. 
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7 . 0  I N S T A L L A T I O N  AND MAINTENANCE O F  FENCE 

T h e  e x i s t i n g  s e c u r i t y  m e a s u r e s  a t  t h e  Rocky F l a t s  P l a n t  

i n c l u d e  : 

a t h r e e - s t r a n d  b a r b e d  w i r e  c a t t l e  f e n c e  
s u r r o u n d i n g  t h e  f a c i l i t y  ( F i g u r e  1) p o s t e d  t o  
i d e n t i f y  t h e  l a n d  a s  a gove rnmen t  r e s e r v a t i o n /  
res t r ic ted a r e a ,  

a fence  surrounding and guards  pos ted  2 4  hours  p e r  
d a y  a t  t w o  g a t e s  t o  t h e  c o n t r o l l e d  a rea  o f  t h e  
f a c i l i t y  (F igu re  l), 

a 6-foot  h igh  c h a i n  l i n k  f ence  topped by 2 f e e t  of  
t h r e e - s t r a n d  b a r b e d  w i r e  s u r r o u n d i n g  and  g u a r d s  
p o s t e d  2 4  h o u r s  p e r d a y  a t g a t e  s t o  t h e  p e r i m e t e r  
s e c u r i t y  zone ( P S Z ) ,  

guards  p a t r o l l i n g  t h e  c o n t r o l l e d  a r e a  and the  PSZ 
2 4  hours  p e r  day, and 

s u r v e i l l a n c e  by s e c u r i t y  cameras 2 4  hours  p e r  day. 

A t  t h e  l a n d f i l l ,  a f o u r - f o o t  h i g h  f e n c e  h a s  been  i n s t a l l e d  

a r o u n d  t h e  p e r i m e t e r  of  t h e  l a n d f i l l .  The f e n c e  h a s  a n  

access g a t e  and p o s t e d  w a r n i n g  s i g n s .  T h i s  f e n c e  and  t h e  

e x i s t i n g  f e n c e s  and g a t e s  a r e  o p e r a t e d  a n d  m a i n t a i n e d  by  

U . S .  DOE. Ma in tenance  r e q u i r e m e n t s  w i l l  be p e r f o r m e d  by 

u.S. DOE, r e g a r d l e s s  of t h e  a c t i v i t i e s  a t  t h e  l a n d f i l l .  

The  s e c u r i t y  m e a s u r e s  a r e  s u f f i c i e n t  t o  meet t h e  

requi rements  of G CCR 1007-3 ,  Sec t ion  265.14.  

.a  
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8.0 CLOSURE CERTIFICATION 

8.1 Certification Requirements 

Closure certification requirements are outlined in 6 CCR 

1007-3, Section 265.115 and 40 CFR 265.115: 

"Within 60 days of completion of closure of each 
hazardous waste surface impoundment, waste pile, land 
treatment, and landfill unit, and within 60 days of 
completion of final closure, the owner or operator must 
submit to the (Department of Health/Regional 
Administrator), by registered mail, a certification 
that the hazardous waste management unit or facility, 
as applicable, has been closed in accordance with the 
specifications in the approved closure plan. The 
certification must be signed by the owner or operator 
and by an independent registered professional 
engineer. I1 

Certification by an independent registered professional 

engineer does not guarantee the adequacy of the closure 

procedures and does not necessarily involve detailed testing 

and analyses. It implies that, based on periodic facility 

inspections, closure has been completed in accordance with 

the specifications in the approved closure plan (U.S. 

Environmental Protection Agency, 1981). 

\ 
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8.2 Activities Requiring Inspections by a Registered 
Professional Engineer 

The following closure activities will be inspected by a 

registered professional engineer: 

removal, treatment and disposal of contaminated 
soil, if necessary, 

grading of landfill, 

installation of gas collection system, 

placement of cap, 

installation of ground-water collection system, 

repair of the existing ground-water collection 
system, 

vegetation, and 

Decontamination of the equipment used at the 
landfill. 

A summary of these activities and the dates when they 

occurred will be presented in the closure certification 

report. As a minimum, these activities will be inspected 

near the start of work, at approximately half completion and 

at completion. Inspections will incude visual observation 

of the work and review of quality control testing. 

The engineer will obtain and review the results of chemical 

and engineering testing which provide a record of the 
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progress and effectiveness of the implemented closure plan. 

Documentation supporting closure certification will be 
' I  

included in the certification report. This documentation 

will include surveying records verifying final slopes and 

contours, and records of equipment decontamination. Any 

deviations from the closure plan and their resolutions will 

be documented by the engineer performing the closure 

certification. 

8.3 Anticipated Schedule - of Inspections by a Registered 
Professional Engineer 

An independent registered engineer will periodically review 

the closure operations listed in Section 8.2 in order that a 

final certification of closure can be developed which states 

that the closure has been carried out according to the plan. 

The engineer will observe construction activities and be 

present during performance and completion of key closure 

activities. 

The independent registered professional engineer and the 

owner will, at the end of closure, inspect the site and 

certify that the closure plan was carried out as described. 

Prior to final certification, deficiencies noted by the 
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e n g i n e e r  w i l l  be c o r r e c t e d .  When d e f i c i e n c i e s  have  been  

c o r r e c t e d ,  t h e  e n g i n e e r  w i l l  i s s u e  a w r i t t e n  r e p o r t  t o  t h e  

r e g u l a t o r y  a g e n c i e s  c e r t i f y i n g  t h a t  t h e  f a c i l i t y  h a s  b e e n  

c l o s e d  a c c o r d i n g  t o  t h i s  c l o s u r e  d o c u m e n t .  T h e  

c e r t i f i c a t i o n  of  c l o s u r e ,  s i g n e d  by t h e  owner  and  t h e  

independent  registered p r o f e s s i o n a l  engineer ,  w i l l  be mailed 

t o  t h e  CDH w i t h i n  60  d a y s  a f t e r  c o m p l e t i n g  c l o s u r e  o f  t h e  

l a n d f i l l .  
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FLOii SLOPE wiDTH DEPii i  DEPTH VEL FORCE 
Q S n z b  Y c i ' i v i o  

( c i s )  iit.! ift.) (ft.j I fps) (psi) 

100.0 0.020 0.9350 3 10.0 1.28 1.25 5.8 1.5! 
------- ----- ------ -- __-__ ----- __--- ----- ----- 

D508 ( i n . ) =  4.72793 
050s ( i n . ) =  6,049574 
RIP RClP VOLUME icu.yd.iit.)= 1.0?548 
RIP RAP FACTOR OF SAFETY= 1 .1  
R I P  RAP SPECIFIC GRAVITY= 2.5 
RiP RAP FRICTION ANGLE= 40 
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BOT C R I T .  FLOW TRkCi 
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-----PRIMARY INPUT----- 

--__--_ _-__- ------ -- ---__ ----- ----- ----- ----- 
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RIP RAP VCILUKE (cu.yd.i i t . i= .ai39041 
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Rrr RHr VULUht \ C U . y G . / t t . l =  .llL44f 
3IP RAD FACTOR OF SAFE?!. l . i  
R!P RW SPiCIFiC GRIIViiY= 2.5 
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. .  t h a t  a conservat ive value o f  C be a m l i e d  f o r  PMF es t ima t ion  s ince i n f i l -  
t r a t i o n  and storage comprise a low percentage o f  t h e  runo f f .  
t h e  C values presented were der ived  f o r  storms o f  5-100 year  frequencies. 
Therefore, l ess  f requent,  h igher  i n t e n s i t y  storms w i l l  r e q u i r e  the  use of a 
h igher  C value (Chow, 1964). It i s  recomnended t h a t  a r u n o f f  coe f f i c i en t  
o f  1.0 be used f o r  PMF app l i ca t i ons  i n  very smal l  watersheds s ince t h e  
e f fec ts  o f  l o c a l i z e d  s torage and i n f i l t r a t i o n  w i l l  be small . 

Furthermore, 

Table 4.5. Values o f  C f o r  Use i n  Rat iona l  Formula. 

3.. .., . 

,... 

..a,. 

t r.. 

? 

. .  

Watershed Cover 

S o i l  Type C u l t i v a t e d  Pasture Wood1 ands 

With above-average i n f i l t r a t i o n  rates;  0.20 0.15 0.10 
usua l l y  sandy o r  gravel  l y  

With average i n f i l t r a t i o n  ra tes ;  no K 4 b  0.35 0.30 
c l a y  pans; l o a m  and s i m i l a r  s o i l s  - - _I 

With below-average i n f  i 1 t r a t i o n  ra tes  ; 0.50 0.45 0 -40 
heavy c l a y  s o i l s  o r  s o i l s  wi th a c l a y  
pan near the  surface; shal low s o i l s  
above impervious rock 

Source: Chbw, 1964. 

4.8.2 R a i n f a l l  I n t e n s i t y  

I n  order  t o  determine the  r a i n f a l l  i n t e n s i t y ,  i, t h e  t ime  o f  concen- 
t r a t i o n ,  t, must be estimated. 
approxi  mated by: 

The t ime  o f  concent ra t ion  can be 

(a) Applying one o f  t h e  many accepted emp i r i ca l  formulae such as 

LO .77 

SO 385 
tc = 0.00013 (4.44) 

where L i s  t h e  l eng th  o f  t he  bas in  i n  f e e t  measured along the 
watercourse from t h e  upper end of t h e  watercourse t o  the  drainage 
bas in  o u t l e t  and S i s  t he  average s lope o f  t h e  basin. 
concentrat ion i s  expressed i n  hours. 
app l i cab le  t o  rock covered slopes. 

Time o f  
This procedure i s  no t  

This  expression was 
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Table 4.6. Values o f  runo f f  coef f ic ient  C. 

Character o f  Surface 

~~ ~~ 

Runoff Coef f ic ients  

Range Rec m e n d e d  

Pavement--asphalt o r  concrete 

Gravel, f r a n  clean and loose t o  ' 
c layey and compact 

Roofs 

Lawns ( i r r i g a t e d )  sandy s o i l  
F l a t ,  2 percent 
Average, 2 t o  7 percent 
Steep, 7 percent o r  more 

Lawns ( i r r i g a t e d )  heavy s o i l  
F la t ,  2 percent 
Average, 2 t o  7 percent 
Steep, 7 percent 

Pasture and non-i r r i g a t e d  1 awns 
Sand 

Bare 
L i g h t  vegetation 

Bare 
L i g h t  vegetat ion 

Bare 
L i g h t  vegetat ion 

Loam 

C1 ay 

Composite areas 
Urban 

Single-family, 4-6 un i ts /acre 
Mu1 t i - f a m i l y ,  >6 uni ts /acre 

Rural (mostly non- i r r igated lawn area) 
<1/2 acre - 1 acre 
1 acre - 3 acres 

I n d u s t r i  a1 
L i g h t  
Heavy 

Business 
Downtown 
Neighborhood 

Parks 

0.70-0 -95 

0.25-0 -70 

0.70-0.95 

0.05-0.15 
0.15 -0.20 
0.20-0.30 

0.13-0 -17 
0 18 -0 22 
O -25-0.35 

0 . 15-0 . 50 
0 -10-0 -40 

0 -20-0 -60 
0.10-0.45 

0 . 30-0.75 
0 . 20-0.60 

0 25-0 . 50 
0 -50-0.75 

0.20-0 -50 
0.15-0 -50 

0.50-0.80 
0 .60-0.90 

0 -70-0.95 
0.50-0.70 
0.10-0.40 

0 090 

0.50 

0 .go 

0 010 
0.17 
0.25 

0-15 
0.20 
0.30 

0.30 
0.25 

0.40 
0.30 

0.50 
0.40 

0.40 
0.60 

0.35 
0.30 

0-65 
0.75 

0.85 
0.60 
0.20 

Source: ASCE, 1970 and Seelye, 1960. 

.. , . 

1 

i 
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Table 4.7. Maximum permissible v e l o c i t i e s  i n  erodib le  channels. 

Water Transporting 
Col lo ida l  S i l t s  

Channel Materi a1 v ( f t / sec )  

Fine sand, co l  1 o i  dal 
Sandy 1 oam, non-col 1 oidal  
S i  1 t y  loam, non-col 1 o i  dal 
A1 1 u v i a l  s i  1 ts, non-col l o i d a l  
F i r m  loam 
Volcanic ash 
S t i f f  clay, c o l l o i d a l  

Shales and hardpans 
Fine gravel 
Graded 'loam t o  cobbles, non-col loidal 
Graded s i l t s  t o  cobble, c o l l o i d a l  
Coarse gravel , non-col 1 o i  dal 
Cobbles and shingles 

. A l l u v i a l  s i l t s ,  c o l l o i d a l  

.2.50 
2.50 
3.00 
3.50 
3.50 
3.50 
5.00 
5.00 
6.00 
5 .OO 
5.00 
5.50 
6.00 
5.50 

Source: Lane 1955. 

Table 4.8. Maximum allowable v e l o c i t i e s  i n  sand-based mater ia l  . 
~~ -~ 

Ve loc i t y  

Materi a1 ( f t / s e c )  

Very l i g h t  sand o f  quicksand character 
Very l i g h t  loose sand 
Coarse sand t o  l i g h t  sandy s o i l  
Sandy s o i l  
Sandy loam 
Average loam, a1 l u v i a l  so i  1, volcanic ash 
F i r m  loam, c lay  loam 
S t i f f  c l ay  s o i l ,  gravel soil 
Coarse gravel, cobbles and shingles 
Conglomerate, cemented gravel, s o f t  s late,  

tough hardpan, s o f t  sedimentary rock 

0.75 t o  1.00 
1.00 t o  1.50 
1.50 t o  2.00 
2.00 t o  2.50 
2.50 t o  2.75 
2.75 t o  3.00 
3.00 t o  3.75 
4.00 t o  5.00 
5.00 t o  6.00 

6.00 t o  8.00 

Source: Lane, 1955. 
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Therefore, the permissible vel oci t ies devel oped for channel s i s  usual 1 y 
extended t o  overland flow situations. When design velocities reach or 
exceed those indicated in Tables 4.7 t h r o u g h  4.10, protection is warranted. . 

Table 4.9. Limiting Velocities in Cohesive Materials. 

Compactness of Bed 

Fai rl y Very 
Loose Compact Compac t Canpact 

Vel oci t y  
Materi a1 (ft/sec (ft/sec OC ‘7 ( f t /  OCi sec ‘7 ( f t /  sec) 

Principle Cohesive 

Sandy cl ay 1.48 2.95 4.26 5.90 

Heavy cl ayey soil s 1.31 2.79 4.10 5.58 

C1 ays 1.15 2.62 3.94 5.41 

Lean clayey soil s 1.05 2.30 3.44 4.43 

. .  

7 

Source: Lane, 1955. 

The materials presented in Tables 4.7 t h rough  4.9 can be referenced t o  
the Unified Soil Classification System as presented by Wagner (1957). An 
engineering analysis of the cover material can provide an approximation of 
the permissible velocities t h a t  the alternative cover materials may w i t h -  
stand w i t h o u t  suppl mental protection e 

4.11 PERMISSIBLE VELOCITY EXAMPLE 

A tailings disposal s i te  located in the northwest corner o f  New Mexico 
has prepared a reclamation plan  for review. The reclamation plan indicates 
t h a t  a 10 foot thick cap will be placed atop the tailings a t  a slope of 
2.4% w i t h  a compaction of 95% of optimum. The cap will be graded as shown 
in Figure 4.14 and shall transition into side slopes of 1V:lOH. 
proposed t h a t  the cap will be composed of a sandy clay w i t h  a coarse gravel 
cover. Along the crest, a 12 inch thick layer o f  riprap will be placed for  
a t  least 8 feet upslope and downslope of the crest t o  stabilize the 
t r a n s i t i o n .  The riprap will have a median stone size of 6 inches. The 
gravel cover will have a median rock size o f  1.5 inches. The design 
reviewer m u s t  verify t h a t  the gravel cover will resist the potential 
velocities t h a t  may result on the cap. 

I t  i s  
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Table 4.10. Maximum Permiss ib le  Ve loc i t i es  i n  Feet per Second ( fps)  
f o r  Channels L ined With Uni form Stands o f  Various 

Well-Maintained Grass Covers. 

Maximum Permiss ib le  Veloci  t i e s a  

Cover 
Slope Range Erosion- Easi ly-Eroded 

% Resis tant  Soi 1 s Soi 1 s 

Bermudagrass } -k:;o 
lover  10 

Buf fa lograss  

Kentucky b l  uegras s 
Smooth b rome 
Blue grama b 

Grass m ix tu re  

Lespedeza s e r i  cea 

Weeping lovegrass 

Ye1 low bluestem‘ 

Kudzu 

A1 fa1  f a  

C r a  bgr  ass 

0- 5 

Common 1 espedezac pd 0- 5 
Sudangrassd 

8 
7 
6 
7 
6 
5 
5 
4 

3.5 

6 
5 
4 
5 
4 
3 
4 
3 

2.5 

3.5 2.5 

aUse v e l o c i t i e s  over 5 fps only where good covers and proper maintenance 

bDo not  use on slopes steeper than 10 percent. 

‘Use on slopes steeper than 5 percent i s  not recommended. 

dAnnuals are used on m i l d  slopes o r  as temporary p r o t e c t i o n  u n t i l  

can be ob t  a i  ned . 

permanent covers are establ ished.  

Source: SCS, 1984. 
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sixth root of a number 
ween two and three-i.e., by between 10 and 20 percent. The effect is to 

r”cH:Ila,  /-iJA/:& , 
I f L L  (4-23) should be 

. -  

ke the agreement between the two equations even closer than it appears 
Brst. 
We conclude that there is a remarkably close correspondence between 
. (4-1 I), based initially on quite small-scale pipe experiments (Nikuradse’s 

h e s t  pipe was 2+ in. in diameter), and the Manning and Strickler equations, 
bed on quite large-scale field observations. It follows that the Manning 
quation is suitable for all fully rough flow, although there will be a range of 
ntermediate channel sizes for which Eq. (4-11) is equally suitable, within 
&rmally acceptable limits of accuracy. For transition flow, as described by 
3. (4-13). the Manning equation is no longer suitable, unless the coefficient 
I is recognized as dependent on Re, as in Fig. 4-5 (see notes on Table 4-2); 
he boundary between transition flow and fully rough flow is given by Eq. 
4-16), and may conveniently be expressed in terms of the Manning equation 
hameters. Equations (4-14), (4-16), and (4-22) may be combined (Prob. 4.3) vL * d,/X5+ 1.9 x 10-1’ (4-24) 

!$‘for fully rough flow. If this inequality is true the Manning equation is applic- 
..:>?. able. ..,$,!. 

. . .  . 

give the result 

..... J . 

Typical values of the coefficient n are listed in Table 4-2. 

TABLE 4-2 Valuer 0t Manning’s Roughnerd Coefficient n 1 
Glass, plastic, machined metal . . . . . . . . . .  
Dressed timber. joints flush . . . . . . . .  .. 
Sawn timber. joints uneven . . . . . .  .. .. 
Cement plaster . . . . . . . . . .  .. .. 
Concrete, steel troweled . . . . . . . .  . .  . .  
Concrete. timber forms, unfinished . . . . . .  
Untreated gunite . . . . . . . . . .  .. .. 
Brickwork or dressed masonry . . . . . . .  . .  . .  
Rubble set in cement . . . . . . . .  . .  . .  
Earth, smooth, no weeds . . . .  . .  . .  .. .. 
Earth, some stones and weeds . . . .  . .  . . . .  

Clean and straight . . . .  . .  . .  . .  . .  
Winding, with pools and shoals . . . .  . .  . .  
Very weedy, winding and overgrown . . . .  . .  . .  
Clean straight alluvial channels . . . .  . .  . .  

.. 

Natural river channels: 

. . 0.010 

. . 0.011 

. . 0.014 

. . 0.011 

. . 0.012 

. . 0.014 

. . 0.015-0.017 

. . 0.014 

. . 0.017 

. . 0.020 

. . 0.025 

. , 0.025-0.030 

. .  0.033-0.040 

. . 0.075-0.150 

. . 0.031d1’6 
(d= D-75 size in ft.) 

Notes on Table 4.2 

When a single value of n i s  given in  the table, i t  is the mean value of a 
range of approximately ~0 .001 .  The categories such as “clean straight river 

i 

f 

a 

a 
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I 

channels” described a t  the end of the table clearly cover such a wide range [ 

i 
I 

of conditions that some field experience is desirable before a value of n can , 
be estimated with reasonable confidence. However, the photographs given 
by Ven Te  Chow [6]  form a useful supplement to, o r  even substitute for, 
field experience. The last entry in the table gives the result of Eq. (4-22). applicable mainlv I 

i 

_ _  
to alluvial channels of coarse noncohesive gravel or  cobbles (known as 
shingle in  British countries). The D-75 size may be taken as a good approxi- 
mation to the value of d (larger than the median) with which the bed tends 
to become armored. 

The reader will easily be able to  verify that the values of k, in Table 4-1 
are generally consistent, via Eq. (4-22), with the above values of n. 

When the channel bed and banks are thickly covered with vegetation an 
appreciable part of the flow takes place through the vegetation a t  low velo- 
cities. If the growth is of fine material such as grass the Reynolds number Re 
defined with respect to the stalk thickness will be low, and the resistance, and 
therefore the Manning n, will be dependent on Re. Since n will therefore 
depend on  the velocity, it may possibly depend on Re defined with respect 
to the channel size as well as with respect to the stalk thickness. This has been 
shown to be true by the experiments of the U. S. Soil Conservation Service (31; 

their results, for a number of North American grass species, are summarized 
in Fig. 4-5. The division into classes depcnds mainly on the length and the 
“stand ”-i.e., the vigour and thickness of growth, according io the followin! 
table: 
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L 4.31 U N I F O R M  FLOW: ITS C O M P U T A T I O N  AND APPLICATIONS 101 i f  
TABLE 4-3 
- 

Class 
Average length of grass Good stand Fair stand 

I 
More than 30 in. A B 
11-24 in. B C 
6-10 in. C D 
2-6 in. D D 
less than 2 in. E E 

l 

I 

Wide shallow grassed channels are a popular solution to the problem of 
sing large discharges down steep slopes without developing unduly high 
ocities. 

! 

iiform Flow: Its Computation and Applications I 

?. 
h - 
#nif;cance of Uni/brm Flow 
' f :biforrn flow has now been defined and a d,ynamic equation developed- 
he Manning equation-which adequately describes both uniform and non- 

. .  *y:lJniform flow seldom occurs in  nature, since natural channels are usually 
:i::?gular. Even in artificial channels of uniform section, the occurrence of 

3s -#miform flow may be relatively infrequent because of the existence of controls, 

. g; as weirs, sluice gates, etc., which dictate a depthdischarge relationship 
?;..,different from that.appropriate to uniform flow. 
..%2 ..:;. w.:.. However, uniform flow is a condition of such basic importance that it must 

," .to instal certain controls in  an irrigation canal it is necessary to compare their 
'j depthdischarge relation with those of uniform, flow; as we shall see, the whole 

character of the flow in the canal will depend on the form this comparison 
takes. Again, if a canal is to be laid on a certain slope, is to have a lining of a 
a r t a i n  coefficient n, and is to take a certain discharge, then the uniform-flow 
condition is the criterion governing the minimum cross-sectional area required. 
Other criteria may of course determine that the section must be greater than 
this minimum, but the section cannot conceivably be any smaller or the canal 

:.uniform flow. ..$F 
' 

.... .:. - be considered in all channel-design problems. For example, if it is proposed 

be unable to take the required discharge. 

1 EconomicaI Design of a Channel Cross Section 

A typical uniform-flow problem in  the design of artificial canals is the 
eonomical proportioning of  the cross section. A canal having a given 
Manning coefficient n and slope s,, is to carry a certain discharge Q, and 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  e 
Existing C o v e r  
Rocky Flats  - Present  L a n d f i l l  
May 26, 1988  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FAIR G R A S S  

LAYER 1 ---_--- 

- 36.00 INCHES 
- 3.1 00 MM/DAY * * 0.5 
- 0.4 2 9 2 VOL/VOL 
- 0.2718 VOL/VOL 
- 0.1840 VOL/VOL 

VERTICAL PERCOLATION LAYER 
THICKNESS 
EVAPORATION COEFFICIENT 
POROSITY 
F I E L D  CAPACITY 

EFFECTIVE HYDRAULIC CONDUCTIVITY - - 0.049 50000 INCHES/HR 
WILTING POINT 

- 
- 
- 
- 
- 

LAYER 2 ------- 

WASTE LAYER 
THICKNESS 
EVAPORATION COEFFICIENT 
POROSITY 
FIELD CAPACITY 

EFFECTIVE HYDRAULIC CONDUCTIVITY - - 0.25 299 9 99 INCHES/HR 
WILTING POINT 

= 300.00 INCHES 
- 3.3 00 MM/DAY * * 0.5 
- 0.5200 VOL/VOL 
- 0.3200 VOL/VOL 
- 0.1900 VOL/VOL 

- 
- 
- 
- 



76.21 - - SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
EFFECTIVE EVAPORATION COEFFICIENT = 3.100 MM/DAY * * 0.5 
UPPER LIMIT VEG. STORAGE 
INITIAL VEG. STORAGE 

= 383000. SQ. FT 
5.00 INCHES - - 

- - 2.1460 INCHES 
- 1.1395 INCHES - 

CLIMATOLOGIC DATA FOR DENVER COLORADO 

JAN/JUL 

28.90 
71.35 

------- 

JAN/JUL 

218.56 
514.77 

------- 

MONTHLY MEAN TEMPERATURES, DEGREES FAHRENHEIT 

YAY/NOV ------- APR/OCT ------- FEB/AUG MAR/SEP ------- ------- 
30.56 37.46 47.76 58.69 
69.69 62.79 52.49 41.56 

MONTHLY MEANS SOLAR RADIATION, LANGLEYS PER DAY 

APR/OCT I MAY/NOV _------ ------- FEB/AUG MAR/SEP 

274.45 355.05 438.77 503.16 
378.28 294.57 230.17 458.88 

------- ------- 

LEAF AREA INDEX TABLE 

DATE 

1 
124 
140  
156 
172  
188 
205 
2 2 1  
237 
253 
269 
285 
366 

---- 
LA1 

0.00 
0.00 
0.31 
0.51 
0.51 
0 .51  
0.51 
0.5 1 
0.46 
0.33 
0.1 6 
0.09 
0.00 

---- 

POOR GRASS 

WINTER COVER FACTOR .= 0.30 

JUN/DEC 

67.33 
32.92 

------- 

JUN/DEC ------- 
530.98 
202.35 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
203 



AVERAGE MONTHLY TOTALS FOR 74 THROUGH 78 

o . * I e r l . * T I O N  (INCHES) 0.38 0.45 1.23 1.65 1.68 1.39 
2.1 9 1.17 0.67 0.8 9 0.94 0.35 

RUNOFF (INCHES) 0.000 0.000 0.005 0.000 0.007 0.087 
0.010 0.093 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 0.421 0.505 0.853 1.353 1.403 1.218 
(INCHES) 1.695 0.845 0.567 0.560 0.713 0.439 

PERCOLATION FROM BASE 0.0009 0.0001 0.0725 0.3193 0.3711 0.2692 
O F  LANDFILL (INCHES) 0.1788 0.5188 0.0489 0.1234 0.2708 0.0837 

DRAINAGE FROM BASE OF 0.000 0.000 0.000 0.000 0.000 0.000 
LANDFILL (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

* * * * * * * * * * * * * * * * * * * * * * * * * * x * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * x * * * * * * * * *  

RUNOFF 0.202 6451. 1.56 

EVAPOTRANSPIRATION 10.572 337417. 81 .37  

PERCOLATION FROM BASE OF LANDFILL 2.2573 72044. 17.37 

DRAINAGE FROM BASE OF LANDFILL 0.000 0. 0.00 
* * x * * * * * * * * * * * * * * * * * * * * x ~ x x * * * * * * * * x ~ * * * * * * * * x * * * * * * * * * * * * * * * * * * * * *  



r 

PRECIPITATION 1.79 57 130.8 

RUNOFF 0.436 13909.7 

PERCOLATION FROM BASE OF LANDFILL 0.0848 2706.6 

DRAINAGE FROM BASE OF LANDFILL 0.000 

HEAD ON BASE OF LANDFILL 0.0 

0.0 

SNOW WATER 0.6 3 20198.8 

@ MAXIMUM VEG. SOIL WATER (VOL/VOL) 0 ,3867 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0 .1815 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



ax; * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * x * * 
! * * * * * * * * * * * * * * * * * * * * * * * i * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Proposed C o v e r  
Rocky Flats  - Present  L a n d f l l l  
May 26, 1 9 8 8  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FAIR G R A S S  

LAYER 1 _--_--- 

a. 
- 6.00 INCHES 
- 5.000 MM/DAY**0.5 
- 0.5110 VOL/VOL 
- 0.3010 VOL/VOL 
- 0.1840 VOL/VOL 

VERTICAL PERCOLATION LAYER 
THICKNESS 
EVAPORATION COEFFICIENT 
POROSITY 
F I E L D  CAPACITY 

E F F E C T I V E  HYDRAULIC CONDUCTIVITY - - 0.9 9 000 00 1 INCHES/HR 
WILTING POINT 

- 
- - 
- 
- 

LAYER 2 ------- 

VERTICAL PERCOLATION LAYER 
THICKNESS 
EVAPORATION COEFFICIENT 
POROSITY 
F I E L D  CAPACITY 
WILTING POINT 
EFFECTIVE HYDRAULIC CONDUCTIVITY 

- - 30.00 INCHES 
- - 3.100 MM/DAY * 0.5 
- - 0.3898 VOL/VOL 
- - 0 .2893  VOL/VOL 
- - 0.2000 VOL/VOL 
- - 0.00420000 INCHES/HR 



LAYER 3 ------- 

2.00 PERCENT 

6.00 INCHES 
3.300 MM/DAY * * 0.5 
0.3710 VOL/VOL 
0.1720 VOL/VOL 
0.0500 VOL/VOL 
5.400 000 10 INCHES/HR 

- LATERAL DRAINAGE LAYER 
SLOPE - 
DRAINAGE LENGTH 
THICKNESS 
EVAPORATION COEFFICIENT 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
EFFECTIVE HYDRAULIC CONDUCTIVITY - 

= 600.0 FEET - - 
- - 
- - 
- - 
- - 
- 

LAYER 4 ------- 

6.00 INCHES 
3.1 0 0 MM/DAY * * 0.5 
0.2907 VOL/VOL 
0.1415 VOL/VOL 
0.0500 VOL/VOL 
0.2 7 0 0 0 0 0 1 INCHES/HR 

- - BARRIER SOIL LAYER WITH LINER 
THICKNESS 
EVAPORATION COEFFICIENT 

FIELD CAPACITY 
WILTING POINT 
EFFECTIVE HYDRAULIC CONDUCTIVITY - 

- - 
- - 
- - , POROSITY 

- - 
- 

36.00 INCHES 
3. I00 MM/DAY * * 0.5 

- 0.4292 VOL/VOL 
0.2718 VOL/VOL 
0.1840 VOL/VOL 

- - VERTICAL PERCOLATION LAYER 
THICKNESS 
EVAPORATION COEFFICIENT 
POROSITY 
FIELD CAPACITY 

EFFECTIVE HYDRAULIC CONDUCTIVITY - - 0.0 16 5 0 0 0 0  INCHES/HR 
WILTING POINT 

- - 
- 
- - 
- - 

WASTE LAYER 
THICKNESS 
EVAPORATION COEFFICIENT 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

a 
207 

= 300.00 INCHES 
- - 3.30 0 MM/DAY * * 0.5 
- - 0.5200 VOL/VOL 
- - 0.3200 VOL/VOL 
- - 0.1900 VOL/VOL 



r 

0.28299999 INCHES/HR - EFFECTIVE HYDRAULIC CONDUCTIVITY - 

76.21 - SCS RUNOFF CURVE NUMBER - 
TOTAL AREA OF COVER 

LINER LEAKAGE FRACTION - - 0.000001 
EVAPORATIVE ZONE DEPTH 

EFFECTIVE EVAPORATION COEFFICIENT = 5.000 MY/DAY * * 0.5 
2.5550 INCHES 

INITIAL VEG. STORAGE - - 1.2125 INCHES 
UPPER LIMIT VEG. STORAGE 

= 403000. SQ. FT 
- 5.00 INCHES - 

- - 

CLIMATOLOGIC DATA FOR DENVER COLORADO 

MONTHLY MEAN TEMPERATURES, DEGREES FAHRENHEIT 

MAY/NOV JUN/DEC ------- ------- MAR/SEP APR/OCT - - - - - - - FEB/AUG ------- J A W J U L  ------- ------- 
28.90 30.56 37.46 47.76 58.69 67.33 
71.35 69.69 62.79 52.49 41.56 32.92 

MONTHLY MEANS SOLAR RADIATION, LANGLEYS PER DAY 

FEB/AUG YAR/SEP APR/OCT YAY/NOV JUN/DEC ------- -_----- ------- ------- @.!A N/J u L -----_ 
L18.56 274.45 355.05 438.77 503.16 530.98 
514.77 458.88 378.28 294.57 230.17 202.35 

LEAF AREA INDEX TABLE 

DATE 

1 
124 
140 
156 
172 
188 
205 
221 
237 
253 
269 
285 
366 

---- 
LA I 

0.00 
0.00 
0.31 
0.51 
0.51 
0.51 
0.51 
0.51 
0.46 
0.3 3 
0.16 
0.09 
0.00 

---- 

POOR GRASS 

WINTER COVER FACTOR = 0.30 



AVERAGE MONTHLY TOTALS FOR 74 THROUGH 78 

PRECIPITATION (INCHES) 0.38 0.4 5 1.23 1.65 1.68 1.39 
2.1 9 1.17 0.67 0.89 0.94 0.35 

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.030 0.005 
0.000 0.034 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 0.421 0.524 0.833 1.297 1.538 1.149 
(INCHES) 1.543 1.233 0.598 0.520 0.569 0.308 

PERCOLATION FROM B A S E  0.0010 0.0009 0.0016 0.0011 0.0011 0.0012 
OF COVER (INCHES) 0.0012 0.0013 0.0012 0.0013 0.0013 0.0013 

ERCOLATION FROM BASE 0.0009 0.0008 0.0013 0.0012 0.0011 0.0011 
LANDFILL (INCHES) 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 

DRAINAGE FROM B A S E  OF 0.104 0.094 0.103 0.111 0.122 0.125 
COVER (INCHES) 0.127 0.137 0.126 0.132. 0.129 0.132 

DRAINAGE FROM B A S E  OF 0.000 0.000 0.000 0.000 0.000 0.000 
LANDFILL (INCHES) 0.000 0.000 . 0.000 0.000 0.000 0.000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I AVERAGE ANNUAL TOTALS FOR 74  THROUGH 7 8  

' -  I 



@.,; 
,! EVAPOTRANSPIRATION 

0.069 2332. 0.53 

10.534 353779. 81.08 

PERCOLATION FROM BASE OF COVER 0.0 148 498. 0.1 1 

PERCOLATION FROM BASE O F  LANDFILL 0.0134 449. 0.10 

DRAINAGE FROM BASE O F  COVER 1.440 48366. 11.09 

DRAINAGE FROM BASE OF LANDFILL 0.000 0. 0.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PRECIPITATION 

RUNOFF 

PERCOLATION FROM BASE OF COVER 

PERCOLATION FROM BASE OF LANDFILL 

DRAINAGE FROM BASE OF COVER 

DRAINAGE FROM BASE OF LANDFILL 

HEAD ON BASE OF COVER 

HEAD ON BASE OF LANDFILL 

SNOW WATER 

(INCHES) -_------ 

1.7 9 

0.1 52 

0.0024 

0.0006 

0.0 14 

0.000’ 

42.0 

0.0 

0.63 

(CU. FT.) --------- 

6 0 1  14.2 

5100.3 

81.0 

20.5 

480.1 

0.0 

21253.5 

MAXIMUM VEG. S O I L  WATER (VOL/VOL) 

MINIMUM VEG. S O I L  WATER (VOL/VOL) 

0.5110 

0.1833 



APPENDIX 3 

SOIL-GAS SURVEY 

est Available 



96 South Zuni Casper 
Denver. Colorado 80223 Colorado Springs 
3O31744-7 105 . Ft Collins 

Glenwmd Springs 
Phoenix 
Rock Springs 
Salt Lake City 
San Antonio 

September 10, 1987 

Subject: Real Time SOil-Gas, Rocky F l a t s  
Landfil l ,  Rocky F l a t s  P l a n t ,  Golden, 
Colorado 

Job No. 6 011 87 

Rockwell Internat ional  
Rocky F l a t s  Plant  
North Fmerican Space Operations 
P.O. Box 464 
Golden, Colorado 80402-0464 

Attention: Mr. Tom Greengard 

As requested, Chen ti Associates conducted a real t ime so i l -gas  survey at 
the Rocky Flats l a n d f i l l  on September 1 and 2, 1987. W n t y  points were 
measured i n  the l a n d f i l l  fo r  methane and hydrogen sulf ide.  The locat ion of 
those poin ts  are shown on Figure 1 .  

Methane was analyzed by a Century OVA 128 flame ionizat ion de tec tor  i n  
the gas chranatography mode. , Hydrogen su l f ide  was analyZed by a 
Photovac 10S50 gas chromatograph w i t h  a photoionization detector. The s m y  
of the analyzed compounds are shown i n  Table I. All sample and QA/QC Photovac 
10S50 chranatograms are shorn i n  Attachment 1. 

If you have any questions or if w e  may be of fur ther  service, please do 
not hesitate t o  contact  us. 

Sincerely, 

CHEN & ASSOCIATES, IK. 

BY 
David C. Constant 

DCC/eac 
Rev. By: DRG 
Ems. 
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6 011 87 I Chen & Associates I SOIL Q A S  SAMPLINQ POINTS 



SUPWARY OF HYDROGEN SWIDE AND RESULTS 

Hydrogen Sulfide 
Soil-Gas Value 

Sampling Poin t  m a t  ion (ppn) 

1 N39560 0 
E20330 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

N39380 
E20330 

N39380 
E201 50 

N39560 
E201 50 

N39740 
E201 50 

N39920 
E201 50 

N39740 
El 9970 

N39560 
El 9970 

N39380 
El 9970 

N39200 
El 9970 

N39470 
El 9880 

N39650 
El 9880 

N39740 
El 9790 

N39560 
El 9790 

0 

Methane Value 
(pprr) 

0 

0.2 

0 

0 

0.4 

0 

0 

0 

0 



SUMMARY OF HYDROGEN SULFIDE AND MGIHANE RESULTS 

Hydrogen Sulfide 
Soil-Gas Value Methane Value 

Sampling Poin t  I aca t ion  (ppn) ( p p )  

15 

16 

17 

18 

19 

20 

N39380 
El 9790 

N39920 
E20330 

N39740 
E20330 

N39560 
E19610 

N39470 
El 9700 

N39290 
El 9700 

0 0 

0 0 

0 0 

0 0 

0 

0 0 

- 



J!..:::~,:. .. ..: ,_ 

, H O T O A C  j 

...... -. ......... 

H2S C a l i b r a t  on 

I 

. . !  i 

--- ... . .  

A i r  Check 

i 

............. 1 _........_...... %)gS1 

RNP4TSlS C 33 
1EIV'ERRTORE 33 
G A I N  10P 

......... 

SEP I 1987 
RCCUT FLATS 
unn occ 
be.11~17 

...... 

10:10 

COnTOLl,;:: :.;:-; <,<.,.. . .  i.p;.-.. e..- 

. . . . . .  . r  . . . . .  

. . . . .  
. -  . 
. .  
.... 

Sample Equipment Check 



. .- . ....... . .  0 _ . _ . .  ..! I i - . .  

D 

... - . . . . . . . . . . . . . . . .  
srop D .e..:: 
SMPLE RUN SEP I 1987 1 ~ : 2 0  
M R L T S I S  C 31 ROCUT FLRTS 
TEnPERCTURE 2 4  WVl OCC 
GP!N 100 6 ~ 1 ! e 7  

coy3:;::r. :.r..:; *.:..< . . . . . . . .  ;: . . . . .  . . . . . . .  

... .:. . .: . 
. .  . . . . . .  

. . . . . . .  

0 2  

8 *  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

crop i 6, 

RNPLTSIS a 37 ROC 
senPLE RUN SEF 1 1387 10:29 

: I  

. .......... 
, .  

~ 

I ............ 
I...: ... 
. . . . .  
. .  

3 

2 

1 



- 1  1 .  

. . .  

. . . . . .  - ... , 

I 

a *  

a s  

. . . . . . . , . 
sro? F 6P.L' 

ntV\iisis a 36 RUCUT ::CIS 
s n n x i  RUN SEP I 1387 10:*7 

1EEPERPT;'RE 1 4  Cnn O K  

. 3  

. .  . . 

. . . . .. . _ _  - - __  . 

SEP I im2  IO:^ S m L E  RiUI 

TEnrERnTwx 29 unn DCC 
RNRLTSIS Z 38 ROCUY FLPIS 

GnlN I 0 0  681187 

-9rcF.T.' ..-,..; .<I,., i . .. : : I .  -L.. - . .. . . .- 
. .. . . . .  . 
.- , . 

A i r  Check 5 
4 



--__I 

ANCLYS!S D 33 

H2S Calibration 

. .  
I !  . . .  

- ... . . .. . .. ... . 

I 

I 

s 3  

6 Air Check 



1 

a t  

. .  . .. 
c : o ? i  f,.!.:: 

C N K T S I S  9 13 ROCUY FLPTS 

GPlm I00 601187 

snnPLE R;IN SEP 1 1 m 7  I I : I +  

TEWERPTURE 25 6nn ccr. 

7 

I 

SPIlPLf RUN SEP 2 13e7 E:% 
p,,e,.YSIS c 6 ROiUY FLPTS 
TEWERCTURE , 27 Wtl OCC 
G9!? ,38 601182 

H2S Calibration 

I 

snnPLE RUN SEP ? 1387 8:42 
PNPLYSIS a 5 ROCUY FLPTS 
TEnPERPTURE 21 unn DCC. 
% I N  I00 601187 

c(ycrT";,;' ::;a " . . .  . . 

Air Check 



,:..):.: :. 
. . . .  

I Sampling Equipment Check 

. -  

I __  ........................ 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  S ! . . L '  

A i r  Check 

sliwT ................. _ _ _ _ _  . . . . . . . . . . .  . ._ . 

. .  

COWOUNO NIWE PEW R.T.  OREfWPPn 

UMNOW 1 3 . 9  9 . 6  US 

3 16.1  13.56 P?rl 
WUNLIUN 4 25.8 13.7 bUS 

LyQorOUN 2 12.0 1 . 9  us 
n2s 



. ,  --- -1 

$,..":/..: :,.. ....................... 
. .  . .  

. .  

............................... 
Slop D 40.8 
SIVPLE RUN SEP z im7 1 1 :  e 
WW-ISIS I S R O W 1  F U T S  
TEWERRTURE 38 lvln M C  
W I N  189 ~ ~ i i e 7  

<NOUN 

8 

I 3.3 5 . 5  u5 
2 12.0 3.8 US 
3 25.8 16.8 nUS . 35.7 I * > . .  ... 

-1, . 
. .  . .- . .  

I .  
: 8 . .  

. I . !  
. .  . .  - .................................. 

S I l w l . .  . . . . . . . . . . . . . . . . . . . . . . . . .  ...... , ..... 

j 

t-aWilNL? M E  P € t U  R . T .  I\r)EC/PPc 

I 3 . 3  5 . 2  us 
UNUNOUN I 1 2 . 0  3.1 us 

3 25 .3  16.7rUS mKNOUN 
uNUNOUN * 36.5 31.5 nUS 

UNUWL'W 

... .. ,/. '. : 
. . :  .; . j . .  ..* . 

_. .. . . . . . . . . . . . . . . . . . . . . .  
.... ._ .......................... 

..... . .  
j:n-.: 

__.________-_---____----------- 
STOP e 60.0 

M Y S I S  0 6 R O W  FLPTS 
1EIIPERflTURE 32 K M  OCC 
C@lN 1BB =I187 

COnPCUrro NRM PEW R . 1 .  aRjad'Pr: 

SWV'LE RUN SEP 2 1x17 1 1 :  e 

UNUNOUN 
,f4UliOUN 

9 

1 3.3 6 . 2  'US 
2 12.0 3 . 2  us 

3 2 0 . 2  9 . 7  us + 35.5 1 . 2  us 



S T p " ! & .  . .- . .- .-. -1.. . _  ._ . _  . ... . _ _  - -  - - - . . .  

N K N m  1 3 . 1  7. I us 
JI*(NOLW I 1 2 . 0  3.7 us 
irmMun 3 25.7 25.9 nuS 
M N D Y t r  + 35.2 1 4 . 1  sUS 

11 

. .  

1 

I 

. ' "  
.. - 

UNUNOUN 1 3.2 10.7 us 
9 d : 3  !a:* Eef 
. 11.8  q . 5  us 

12 Air Check 



. .  

. ' . . . . . ' . . . I . . ,  

I , i . .  - .  . . . .  . .  
: .  - 

. .  . . . . .  . ., _I . 
-. .... - - .. - .- - . . . . . . . . . .  

S f C I H T  ..... .................. _ _ _ _ _ _  _ _ _  ................ .... -..-. 

..... ...... I 

. .  

! 

............................... 
SEP 2 1387 I I : ~  

.TOP 0 68.0 

SPnPLE * ~ r s l s  RUN ROCKY FLPTS 
IEWERATWE 37 UM MC 

 corm^ wen€ PEW R.T .  rVIEwPPn 

W I N  I 8 8  =!I87 

1 3 . e  13.1 US UNIRV)W 

MI(N0W 2 1 1 . 9  5 . 8  us 
3 2s.. 38.3 w s  UNUNOW 

33.6 53.3 nUS UNUNOUN 

14 

1 3  

~ ~ P R T - -  ............................. -.. -... 

3 12.e 1 . 3  us UNUWOUN 

m s  4 14 .q  1 1 . 4 1  OPn 
W2S 5 1a.6 11 .31  -P- 
W M U N  a 25.1 2 0 . 7  N S  

7 3e.3  1 5 . 7  rus LIM(N0w 

. . . . . . . . . .  I cnL : r 

SPWLE RUM SEP z 1987 I#:= 
nNnLYsIs I 17 ROCICY FLATS 
rEnPEueiuuE 37 Icnn occ 
GPIN I80 601187 

conrouta w n c  PEW 6 . 1 .  nREwppn 

UNUNOUN I 3.5  q . 4  us 
UNI(IC.IN 2 8 . 6  2 . 0  US 
UNUMYN 3 1 1 . 8  1 . 3  us 
UNUNWh * 1 4 . q  1 . 2  us 
M 2 S  5 16.6 10.00 V" 
UNUNOUN 6 2 5 .  I 213.7 nus 
UNKWYN 7 3 1 . 3  q S . 7  nus 

A i r  Check 



. . 
, .  

i - : .  

I 

m L Y S I S  21 ROCKY FLPTS 
1EWERPTURE 3S I(M DCC 
GRIN lea Wl187 

mrouno Nenf PEW R.T. WEwprn 

w m w  I 3 .3  a.1 us 
uhxmw 7 12.0 Y . *  us 
uI(I(p(DLIv '3 20.6 75.5 PUS 
wunw * 35.9 174.6 r U S  

. . .  

i 
! 

SEP 2 1987 12:19 S W P U  RUN 
LYSIS  L 22 ROCKY FLPTS 

P;&~=ER~TURE 3q1e5c 
G A I N  

C O r W O u M  W E  PECK R . 1 .  PREP/PPn 

UMNDUN 1 3 .3  6 . 0  US 
UNKPIOUN 2 1 1 . 1  3.7 us 
U N K W U ?  3 2a.q 30.1 .us 
UNKNWPI 9 35.0 ¶ Y . 3  rUS 
UMNOUN 5 S7.3  17.1 r U S  

. 

I 

ummw 1 3.0 6 . *  US 
LX*(MW 2 12.1 3.5 us 
WKMUN 3 1 0 . 5  11.6 US 

4 M . 4  376.2 r N S  u)*tl*oun 

15 
16 

17 



. . . . .  . . .  . .  . .  , - 
. .  ,___ : ,  I '  

* 
. - J  . ' . , . ' _ '  

I .  

- .. -. .. .- ..... .. .... 
SrORr-:,: . . . . . . . . . . . . . . . . . . . .  

. .  . . .  . , , : ; ..I - 
s - w : -  ............................. . . . . .  . . . .  

I 

S T ~ P  P 60.8 
SR(1RE RUN SEP 2 1987 12:2E 
P(UCTSIS 2 4  ROCKT FLATS 
TEMPERATURE 38 unn OCC 
G R I N  100 6 0 1 1 ~  

M W U C l  W E  PEW R . T .  aucamw 

1 3 . 0  6.6 US 
UNUNOUN I 12.0 3.2 us 

3 i 6 . a  7 . 2 ~ 3  P P ~  
'NUNOW 9 ' 2 5  . 6 5 mu< . . . . .  
NUIIOUN 5 3q.6 36.6 .IUS 

. -  
. . .  

1 
I 

. I  

! 

I 
I .c....................... ....... 

STOP 0 60.0 

1 2.3 7.1 US 
2 12.0 3.8 us 

UNKNOUN 3 25.6 1 8 . 2  *US 

. .  . ! . _  : . 

_ . .  j :..c.. . . . . . . . . . . . . . . . . . . . . . . .  

...... 

.... .- . . .  

............................... 
slop 0 60.0 

26 SEP 2 1987 12:35 
R O U T  FLCTS 

SPl lRE RUN 

G A I N  100 601187 

3NKh't.d~ 1 3.0 8 . 4  US 
~ W N O U N  

' UNUNOUN 3 20.3 3.1 US 
2 1 2 . 9  3.8 US 

9 33.7 380.3 rus 2NKNO'JU 

Ai.r Check 18 

H S Calibration 2 

Z Z b  



. . . . .  _ _  . . . .  . . .  . -  . .  : , I  ' . I .  

. . .  ; ; :  I . , ,  j . . .  __  . _._ .2 

<:e . . .  . . . . . . . . . . . . . . . . . . .  
....... 

. . .  

i 

8 .  1 . -  
............................... 

SEP 2 1987 12:40 s l o p  a 60.0 

nI*YysIs 28 ROCKY w r s  
S(YrPLE RUP( 

TEnPERATW(E + I  U M  OCC 
GPIN 100 601187 

. . .  

i i .: .. 

I ,---------------------.-------- 
SWPLE RUN SEP 2 1387 12:38 
PNPLYSIS E 27 ROWT FLPTS 
TEnPERPTwE + I  *M DCC 
GPIN 100 601187 

cowo ,p~  NWE PEW R .  T .  e r E w r P P  

S l o p  e 60 .0  

UNUNOUN I 3.8 3 .3  us 
2 12.0 q.2 us 
3 25.6 q 2 . 7  rUS 
9 3q.o  1 5 . 8  "US 

UNUNOUN 

UNUNOUN 
U W M W  

19 

. . . . .  -. _. .. - .  .. .. _. 
. .  

......... . . .  ! ---. 

. .  

! 
1 
I 

I 
I 
1 - -------____________-----.----- 

SEP 2 1987 l2:*6 
STOP P 6 0 . Q  

WW-YSIS # 29 ROCKY FLPTS 

CPIN 100 OBIIS7 

c@PPOUNC NPnE PELU R . 1 .  LRELiPPr 

I 3.7 3 . 5  Ub U N W O M  

2 I I . ?  q.6 US UNUNOUN 

3 25.3 30.0 rUS UNUNWFI 

UNXNOW q 33.1 89.2 r U S  

SIYlPLE RUN 

TEnPERPTuRE + I  rcnn DCC 

20 

H S Calibration 2 



. '  
/--- .-; . -.. .. .. .. 

Pump Check 
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APPENDIX 4 

SITE CHARACTERIZATION PLAN 
NORTH SPRAYFIELD 



C07890010526 D a t e :  J u l y  1, 1988 
Rev i s ion  No: 1 

1 . 0  INTRODUCTION 

T h e  n o r t h  s p r a y f i e l d  area l o c a t e d  a d j a c e n t  t o  t h e  l a n d f i l l  

w i l l  be s t u d i e d  u n d e r  t h i s  c l o s u r e  p l a n ,  t o  e v a l u a t e  if 

con tamina t ion  has occurred i n  t h e  area. 

The s p r a y f i e l d  i s  l o c a t e d  n o r t h w e s t  of t h e  e a s t  pond. The 

s p r a y f i e l d  m e a s u r e s  a p p r o x i m a t e l y  2 8 0  by  4 8 0  feet .  Water 

sprayed  o n t o  t h i s  f i e l d  w a s  pumped from t h e  w e s t  pond. T h i s  

s p r a y f i e l d  has n o t  been used s i n c e  t h e  w e s t  pond w a s  removed 

i n  May, 1981.  

S o i l  sampl ing  w i l l  be performed i n  t h e  n o r t h  s p r a y f i e l d  area 

i n  1988. 

Based  o n  t h e  m e t h o d  o f  a p p l i c a t i o n  o f  w a t e r s  t o  t h e  

s p r a y f i e l d  and un i fo rmi ty  of pond water it is assumed t h a t  

t h e  con tamina t ion ,  i f  p re sen t ,  w i l l  be r e l a t i v e l y  uniform i n  

d i s t r i b u t i o n  a d j a c e n t  t o  s p r a y  l i n e s .  T h e r e f o r e ,  t h e  

s a m p l i n g  p l a n  w i l l  b e  d e s i g n e d  t o  c h a r a c t e r i z e  u n i f o r m  

con tamina t ion  i n  t h e  a r e a s  a d j a c e n t  t o  p r e v i o u s  s p r a y  l i n e s .  

1 
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2.0 INDICATOR PARAMETERS FOR SOIL SAMPLING 

Because of the wide variety of materials which had the 

potential to be disposed of in the landfill and limited 

previous sampling, specific indicator parameters can not be 

identified at this time. The soil samples collected in the 

sprayfield will be analyzed for: 

Volatile Organic Compounds (EPA Method 624) 
Semi-volatile Organic Compounds (EPA Method 625) 
Metals 
Radionuclides 

2 
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3.0 CHARACTERIZATION OF NORTH SPRAYFIELD 

Characterization of the soils in the sprayfield will be 

conducted in a phased assessment. The first phase of 

characterization will consist of limited soil sampling and 

direct radiation surveys of each sprayfield in order to 

evaluate if soil contamination exists. If contamination is 

identified in the Phase I assessment, a second phase will be 

conducted in order to further define the extent of 

contamination. 

3.1 Direct Radiation Survev 

The direct gamma radiation survey will be conducted over the 

ground surface to detect measurable amounts of 

radioactivity. The assessment will be conducted in 

accordance with Rocky Flats radiation monitoring procedures 

(Rockwell, 1986~). 

The gamma survey will be with a Field Instrument for 

Detection of Low Energy Radiation (FIDLER). Measurements 

will be compared to background radiation levels for 

evaluation of potential contamination. 



C07890010526 Date: July 1, 1988 
Revision No: 1 

3.2 Phase I Soil SamDlina 

3.2.1 Introduction 

The Phase I survey, consisting of surface soil sampling and 

direct radiation survey, will be conducted of the 

sprayfield. The surveys are intended to evaluate if the 

soils in the sprayfield are contaminated. 

The sampling program will consist of approximately evenly 

spaced sampling points adjacent to previous spray lines. 

This sampling program, to characterize the contamination at 

the facility was selected as spraying operations will have 

resulted in a uniform and dispersed contamination around the 

previous spray lines. It is assumed the results of this 

survey will directly indicate if contamination is or is not 

present. 

The major soil series over much of the Rocky Flats Plant 

site is the Flatirons very cobbly sandy loam. This is the 

soil series present at the sprayfield. This soil has a high 

rock fragment content ranging to 80 percent with a thick 

clay matrix horizon ranging up to 60 percent clay. The clay 

is predominantly montmorillonite, with a high cation 

4 
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exchange  c a p a c i t y  and  a moderate s h r i n k / s w e l l  p o t e n t i a l .  

T h e  t o p  1 3  i n c h e s  i s  a v e r y  c o b b l y  s a n d y  l o a m  w i t h  a 

p e r m e a b i l i t y  ranging  from t w o  t o  s i x  inches  p e r  hour. From 

1 3  t o  4 7  i n c h e s ,  t h e  s o i l  i s  a v e r y  g r a v e l l y  c l a y  w i t h  a 

p e r m e a b i l i t y  r a n g e  o f  0 .06  t o  0.2 i n c h e s  p e r  hour .  B e l o w  

4 7  i n c h e s ,  t h e  s o i l  i s  a s a n d y  c l a y '  loam w i t h  a p e r m e a b i l i t y  

t h a t  r a n g e s  f r o m  0.6 t o  2.0 i n c h e s  p e r  hour .  T h i s  d a t a  is  

from S o i l  conse rva t ion  Service r e p o r t  and h a s  been confirmed 

by previous  s i te  i n v e s t i g a t i o n s  t h e  Rocky F l a t s  P l a n t .  

T h e  above s o i l  character is t ics  and t h e  noncontinuous i n p u t  

of c o n t a r n i n a n t s  t o  t h e  s p r a y f i e l d  c u r r e n t l y  i n d i c a t e s  

c o n t a m i n a t e d  s o i l  may b e  l i m i t e d  t o  t h e  s o i l s .  T h e  

r e l a t i v e l y  l o w  p e r m e a b i l i t y  c l a y  l a y e r ,  e x t e n d i n g  from a 

depth  of 13 t o  4 7  ' i nches ,  is a n t i c i p a t e d  t o  have restricted 

t h e  m i g r a t i o n  o f  any  c o n t a m i n a n t s  t h a t  may have  been  

released from s p r a y f i e l d .  The re fo re ,  p r e l i m i n a r y  sampling 

and a n a l y s e s  o.f s o i l s  w i l l  be l i m i t e d  t o  s h a l l o w  soils u p t o  

and inc lud ing  t h e  c o n t a c t  w i t h  t h e  c l a y  l a y e r .  

3 . 2 . 2  Sampling Procedures 

A t  e a c h  s a m p l i n g  l o c a t i o n ,  a n  a p p r o x i m a t e  o n e - f o o t  deep  

bor ing  w i l l  be  made w i t h  hand implements o r  a bucket  auger,  

5 
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depending upon soil conditions. Samples will be comprised 

of the composite of materials exposed over the length of the 

boring. Sampling for volatile organic compounds will be 

. grab samples at the contact with the clay layer. 

All samples will be properly labeled, stored on ice, and 

delivered to an off-site laboratory for analyses and to 

permanent storage for holding extra samples. Detailed 

procedures for soil sampling are proved in Appendix A of the 

CEARP, Phase 2: Rocky Flats Plant (Appendix 5). 

3.2.3 Locations and Number of Borings 

Within the sprayfield the sampling pattern will be as shown 

on Figure 2 of the Landfill Closure Plan. The sampling 

pattern was selected as it provides a evenly spaced sampling 

grid in the vicinity of the previous spray lines. 

3.2 Quality Assurance/Quality Control 

The Quality Assurance/Quality Control (QA/QC) procedures to 

be used for soil sampling and analyses are presented in the 

CEARP, Phase 2: Rocky Flats Plant. The QA/QC Plan is 

6 
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r e p r o d u c e  i n  Appendix 5 of t h e  P r e s e n t  L a n d f i l l  C l o s u r e  

P lan .  

3 . 3  Data Analys is  

An assessment  of s o i l  contaminat ion  f o r  t h e  s p r a y f i e l d  w i l l  

be b a s e d  on  compar ing  c o n c e n t r a t i o n s  of s o i l s  w i t h  t h e  

fo l lowing:  

Metals - Average trace e l emen t  c o n c e n t r a t i o n s  i n  
s o i l s ,  a s  p r e s e n t e d  i n  I tHazardous Waste  Land 
T r e a t m e n t , "  T a b l e  6 . 4 6  ( U . S .  E n v i r o n m e n t a l  
P r o t e c t i o n  Agency, 1 9 8 3 ) ,  o r  average background  
l eve l s  d e t e r m i n e d  f rom e x i s t i n g  background  s o i l  
d a t a  whichever is more. 

V o l a t i l e  a n d  S e m i - v o l a t i l e  O r g a n i c s  - Any 
s t a n d a r d s  f o r  these compounds i n  wa te r ,  w h e t h e r  
p r o p o s e d ,  i n t e r i m ,  o r  r e c o m m e n d e d ,  w i l l  b e  
d i r e c t l y  a p p l i e d  t o  s o i l  and s e d i m e n t .  Therefore ,  
if a s t a n d a r d  of 0 .200  ppm e x i s t s  f o r  a VOC i n  
w a t e r ,  t h i s  s t a n d a r d  w i l l  b e  a p p l i e d  t o  
c o n c e n t r a t i o n s  o f  t h i s  VOC i n  s o i l .  T h i s  is a 
c o n s e r v a t i v e  s t a n d a r d  f o r  s o i l s .  I f  a s t a n d a r d  
f o r  a VOC d o e s  n o t  e x i s t ,  t h e n  t h e  C e r t i f i e d  Lab 
P r o t o c o l  (CLP) C o n t r ' a c t  R e q u i r e d  De tec t ion  L i m i t  
(CRDL)  f o r  low s o i l / s e d i m e n t  w i l l  b e  u s e d .  If  
t h i s  CRDL i s  not a c h i e v a b l e  d u e  t o  a n a l y t i c a l  
i n t e r f e r e n c e ,  t h e n  t h e  medium s o i l / s e d i m e n t  CRDL, 
w h i c h  i s  1 0 0  t i m e s  t h e  l o w  s o i l / s e d i m e n t  CRDL, 
w i l l  be  u s e d .  T h e s e  l i m i t s  w i l l  d e f i n e  t h e  
maximum a l lowable  l e v e l s  f o r  c l e a n  s o i l s .  

P l u t o n i u m  - The U . S .  EPA, i n  c o n s u l t a t i o n  w i t h  
o t h e r ' f e d e r a l  a g e n c i e s ,  has  d e v e l o p e d  i n t e r i m  
recommenda t ions  t o  be u s e d  f o r  p r o t e c t i o n  o f  
p u b l i c  h e a l t h  by  Pu a n d  o t h e r  t r a n s u r a n i u m  
e l e m e n t s  e x i s t .  The recommendations a r e  in tended  
t o  provide  long-term r a d i a t i o n  p r o t e c t i o n  f o r  a l l  
exposed  p e r s o n s  i n  a " c r i t i c a l  s e g m e n t  o f  t h e  

7 
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populationgg and specify that both the individual 
and collective radiation doses should be Igas-low- 
as-reasonably-achievable (ALARA) .Ig These interim 
recommendations present a soil screening level of 
0.2 microcuries of transuranium per square meter 
in the upper 1 cm of soil. This presents a 
combined inhalation and ingestion risk of 
1 x At activity levels greater than this, 
additional evaluation is recommended to determine 
the actual dose rates to exposed persons ( U . S .  
Environmental Protection A ency, 1986. Assuming a 

translates to 20 picocuries per gram (pCi/gm) of 
soil. This limit will be applied to the soil and 
sediment sampling conducted under this 
characterization plan. 

soil density of 1 gm/cm 4 , this activity level 

Uranium - The International Committee of 
Radiological Protection presents an acceptable 
standard of 100 millirems (mrem) of effective dose 
equivalent per year to exposure for long-term 
exposure for radionuclides from man-made sources 
(ICRP, 1977). The National Council on 
Radiological Protection (NCRP) has published soil 
guides for uranium, radium and lead-210 based on a 
dose rate of 500 mrem/year. Adjusting these 
guides to reflect the 100 mrem/year effective dose 
equivalent (reducing each guide by a factor of 
five) results in adjust guides of 320 pCi of 
uranium per gram of soil, 8 pCi of radiumpergram 
of soil, and 3 pCi of lead-210 per gram of soil 
(NCRP, 1984). Since all of these materials are 
found in soil, the sum of the fractions (the 
observed concentration divided by the 
concentration limit) must not exceed unity (one). 
The sum of the fractions technique is used by the 
Nuclear Regulatory Commission (NRC), U.S. DOE, and 
Colorado regulations when addressing mixtures. If 
any fraction is less than ten percent, the 
material is considered non-existent for the 
purposes of the sum of fractions calculation. 
Based on the above guides, preliminary analyses 
will be for uranium only. If the uranium 
concentration exceeds.ten percent of the guide (32 
pCi/gm), the radium and lead-210 concentrations in 
the soil sample will be determined. If the sum of 
the fractions is found to exceed unity, and the 

8 
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a c t i v i t y  a t  t h e  u n i t  is s i g n i f i c a n t l y  greater t h a n  
t h e  background a c t i v i t y  f o r  t h e s e  compounds, s o i l  
removal  w i l l  b e  u s e d  t o  r e d u c e  t h e  sum o f  
f r a c t i o n s  t o  u n i t y  o r  less. 

. T r i t i u m  - T h e  c u r r e n t  USEPA and Colorado s t a n d a r d  
f o r  t r i t i u m  i n  d r i n k i n g  w a t e r  i s  2 0 , 0 0 0  p C i / l .  
t h i s  w i l l  be t h e  s t a n d a r d  a p p l i e d  f o r  t r i t i u m  i n  
soil, sediment and water. 

The u s e  of  d e t e c t i o n  l i m i t s  f o r  v o l a t i l e  and s e m i - v o l a t i l e  

o r g a n i c s  i n  s o i l  is q u i t e  conse rva t ive  based on t h e  r e s u l t s  

of t h e  r i s k  assessment  performed as  p a r t  of t he  f e a s i b i l i t y  

s t u d y  f o r  t h e  8 8 1  H i l l s i d e  (U.S. D e p a r t m e n t  of Ene rgy ,  

1 9 8 8 ) .  T h e  r e s u l t s  o f  t h e  r i s k  a s s e s s m e n t  i n d i c a t e  

a c c e p t a b l e  s o i l  c o n c e n t r a t i o n s  f a r  i n  e x c e s s  of w a t e r  

s tandards o r  d e t e c t i o n  l i m i t s .  The c o n c e n t r a t i o n s  based on 

water  s t a n d a r d s  o r  d e t e c t i o n  l i m i t s  have b e e n  a d o p t e d  f o r  

t h e  purposes  of ground-water p r o t e c t i o n .  

The  r e s u l t s  of i n d i v i d u a l  s o i l  s a m p l e s  t a k e n  f rom t h e  

s p r a y f i e l d  w i l l  be compared w i t h  t h e  a p p l i c a b l e  c r i t e r i a  t o  

d e t e r m i n e  i f  s o i l  c o n t a m i n a t i o n  e x i s t s .  T h e  s o i l  w i l l  be 

c o n s i d e r e d  c o n t a m i n a t e d  by m e t a l s  o r  r a d i o n u c l i d e s  i f  t h e  

i n d i v i d u a l  r e s u l t s  exceed  t h e  a p p l i c a b l e  s t a n d a r d  by more 

t h a n  two s t a n d a r d  dev ia t ions .  The s o i l  w i l l  be cons ide red  

c o n t a m i n a t e d  by v o l a t i l e  o r  s e m i - v o l a t i l e  o r g a n i c s  i f  t h e  

9 
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. .  

individual results exceed the applicable standard, or if no 

standard exists, the detection limit of the parameter. 

If no soil contamination is found, no further soil analyses 

will be performed. Where no soil contamination is found the 

sprayfield will be considered clean and closure certified. 

3 . 4  Phase I1 Samplinq 

If the sampling activities at the sprayfield indicates 

contamination is present, further analyses will be conducted 

to define the extent of contamination and to determine 

further actions. The additional sampling will be conducted 

to determine both vertical and horizontal extent of 

contamination and/or to identify the contamination at a 90 

percent confidence level based on a statistically valid 

analysis. The vertical extent of contamination will be 

determined by extending the sampling to uncontaminated 

materials or to the ground-water table, whichever is 

shallower. 

If required, the Phase I1 sampling plan will be developed 

and submitted to the CDH for their approval within 30 days 

after determining Phase I1 sampling is required. If 

10 
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necessary, the closure plan for the landfill will be revised 

based on the Phase I study. In that case, the Phase I1 

sampling plan will be part of the revised closure plan. The 

Phase I1 sampling plan will follow the general guidelines 

presented in Appendix 1-2 of the RCRA Part B Operating 

Permit Application (U.S. Department of Energy, 1987a). 

Phase I1 sampling will continue until the limits of 

contaminated soil have been identified. 

11 
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QUALITY ASSURANCE/QUALlTI’  CONTROL PLAZI 

1. INTRODUCTION 

CEARP Phase 2 consists of C E A R P  Phsse ’a. Monitoring Plan. snd  CEARP 

Phase 2b. Site Characterization (Remedial Investigationl This Quality Assurance. 

Quality Control (QA/QC) Plan is one component of the Monitoring Plan for  Rocky 

Flats Plant. The Monitoring Plan typically consists of f ive parts: Synopsis. Sampling 

Plan, Technical Data Management Plan, Health and Safety Plan. and  Quality Assur- 
ance/Quality Control Ptan. Because of the Compliance Agreement made by the Statc 

of Colorado, Environmental Protection Agency, and  the DOE, this Monitoring Plan 
3lSo includes a Feasibility Study Plan. T h e  Synopsis provides a discussion of thc 

Current situation and  serves as an introduction to the other plans. 

CEARP uses a three-tiered, approach in preparing the monitoring plans: t h e  

CEARP Generic Monitoring Plan (CGMP) (DOE. 1986b). the Installation Generic 
.Monitoring Plan (IGMP), and the Site-Specific Monitoring Plans (SSMPs). The CGMP 

Quality Assurance/Quality Control (QA/QC) Plan provides the generic guidelines a n d  

procedures that will  be employed dur ing  CEARP Phase 2 site characterization 

(remedial  investigation) to ensure the reliability of da ta  collected a t  C E A R P  sites. I t  

is intended to establish a general quali ty assurance/quality control policy and  to pro- 

\*ide the f ramework for  more specific qual i ty  assurance/quality control requirements 

to be employed a t  each installation a n d  a t  each site. This IGMP Quality Xssur- 

ance/Quality Control Plan provides installation generic information and  procedures. 

whereas the SSMPs will  provide site-specific detail regarding locations. types 3 ~ d  

number of samples. 

This IGMP is the Comprehensive Source 3nd Plume Characterization Plan rc-  

Therefore. the acronym used to refer t o  this qu,ircd by the ComDliance Agreement. 

plan is [GMP/CSPCP. 

According to DOE policy, DOE activit ies shall maintain programs of quali ty 

assurance (DOE Order  5700.68). In the area of environmental  protection. quality as- 

surance plans must be integrated with the DOE implementation of CERCLX (DOE 
Order 5480.1 4). 



CEARP Phase 2b site characterizations (remedial investigations) will  be im- 
Plcmcnted using procedures to assure that the precision. accurscv, completeness. 3nd 

r~~rCSentstivcncss of data are known and documented. At a minimum. t h i s  will  in- 
.-lUdC adherence to the CEARP CGhlP, IGMP/CSPCP. 3nd SSMP Quality Assur- 
~ n ~ c , ’ Q u a l i t y  Control Plans, and may include preparation of written Quality Assur- 
1 ncciQuality Control Plans covering each aspect of the project performed. 

This IGMP/CSPCP Quality Assurance/Quality Control Plan presents the org3- 
n in tion. objectives, functional activities, and specific quality assurance and quality 

control activities associated wi th  the CEARP Phase 2b site characteriz3tions (remedial 
investigtions) at Rocky Flats Plant. The Quality Assurance/Quality Control Pl3n is 

designed to achieve specific data quality goals f o r  CEARP Phase tb site char3cterita- 
tions (remedial investigstions). Appendix A includes the  quality lssurance Protocois 
for  311 laboratory services to be provided under CEARP Phase Zb site characterit3- 
t ions (remedial investigations). 

A brief description of the CEARP Phase 2b site characterizstion (remedial in- 
vcstigation) and background can be found in the Synopsis. For a more in-depth back- 
sround description, see the CEARP Phase 1 report. 

I 



2. PROJECT O R G A N I Z A T I O N  A N D  RESPONSIBILITY 

Project orgsnization Jnd  responsibility 3re  divided among DOE. Los Alamos 
Sat iona l  Laboratory, and Rockwell International 3s described below. Los Alamos N3- 

tional Laboratory has t h e  primary responsibility to implement C E A R P  under  thc 
guidance of DOE-Albuquerque Operations Office. However, operations1 responsibili- 

ties have been assigned to Rockwell International a t  Rocky Flats Plant for  the sitc 

, 

characterizations (remedial investigations). The DOE-Rocky Flats Plant Area O f f  icc 
is responsible for  the function of the Rocky Flats Plant. Because of this  resuonsibil- 

icy, the DOE-Rocky Flats Plant Area Off ice  will provide addi t ional  guidance to its 
contractor, Rockwell International, in implementation of the C E A R P  Phase Zb site 
characterizations (remedial investigations). 

Project organization is shown in Figure 2.1. T h e  responsibilities o i  the various 

Personnel can be divided into operational. laboratory, a n d  qual i ty  assurance responsi- 

bilities. as follows. 

2.1. OPERATIONAL RESPONSIBILITIES 

-Sesretarv f o  r the E n  vironrnenl . T h e  DOE Assistant Secretary for  the 

Environment appoints Headquarters investigation boards a n d  establishes the scope of 
Headquarters investigations (DOE Order 5484.1). DOE-wide Environmental  Surveys 

and  Audits originate f rom the Assistant Secretary. 

Environ me ntal Sur vevz snd hudin . Headquarters  Environmental  Survey 
Tesms have been directed IO conduct one-time environmental  surveys and  sampling of 
DOE facilities. These surveys are  independent of C E A R P  activit ies at  Rocky Flats 

Plant, but da ta  from survey team sampling wi l l  be utilized in  the CEARP characteri-  
zation of Rocky Flats Plant. A Headquarters environmental  survey team visited the 

Rocky Flats Plant si te in 1986. The results of the survey wil l  be used as an internal 

management tool by the Secretary and Undersecretary of DOE. 

Audits are  a function of the Off ice  of the  Assistant Secretary f o r ' t h e  Envi- 
ronment. Audit  teams provide quality control f o r  the implementation of environmen- 

tal monitoring a t  DOE facilities. Although independent  of CEARP. audi t  teams corn- 
Plement CEARP activities b y  providing additional qual i ty  assurance. 



POF-Albuaueraue O ~ r a t i o n s  Office En vironme nra l  Ptoarams Branch. The 

DO €-Albuquerque Operations Office, Environmental Programs Branch, is responsible 

I'or Overseeing 311 environmental programs within DOE-Albuquerque Operations 3nd 

conducting special assessments such 3s CEARP. 

DOF-Rock v Flat? Area Off  i c e  The DOE Rocky Flats Are3 Office is responsi- 

ble for the missions of the Rocky Flats Plant, including environmental protection. 

Thc DOE Rocky FIats Area Office oversees the integration of Rocky Flats Plant re- 
sources with CEARP activities at Rocky Flats Plant. 

Rock well I n t e r m o n a L  . Rockwell International, as prime contractor to DOE. 
provides support to DOE i n  sccomplishing the mission of Rocky Flats Plant, including 

environmental protection. Rockwell International wil l  perform the CEARP Phase 2b 

site char3cteritations (remedial investigations) at Rocky FIats Plant. 

Los A lamos National Laboratory . Los Alamos National Laboratory manages 

the CEARP program. providing direction. oversight and  review, and  preparing final 
r epor tS. 

2.2. ANALYTICAL LABORATORY RESPONSIBILITIES 

Analytical laboratory responsibilities include performing analytical services, 

a n d  providing quality assurance. Rockwell International will perform the CEARP 
Phase 2b site characterizations (remedial investigations) a t  Rocky Flats Plant. This 

IGMP/CSPCP provides guidance for quality assurance programs to be implemented by 

- field laboratory operations - analytical laboratories 
- geotechnical laboratories - radiological laboratories. 

2.3. Q A  RESPONSIBILITY 

Quality assurance responsibilities arc  to monitor and  review the procedures 

used to  perform all aspects of site characterizations (remedial investigations). includ- 

ing data collection, analytical services, data analysis, and  report preparations. h i -  

mary responsibility for  project quality rests with the Rockwell International CEARP 

Manager. Ultimate responsibility for project quality rests with DOE. 

1 
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3. QUALITY ASSURANCE OBJECTIVES FOR MEASUREMEYT DATA 

, The overall quality assurance objective is to develop and implement proccdurcs 
f o r  f icld sampling, field testing, chain of custody. laboratory analysis. and reporting 
that wi l l  issure quality 3s specified in DOE orders governing qual i ty  3ssurance and 
environmental protection. Specific procedures to be used fo r  sampling, chain-of-cus- 
tody, audits, preventive maintenance, and corrective actions are  described in other 
sections of this IGMP Quality Assurance/Quality Control Plan. The purpose o f  this 

section is to define quality assurance goals for accuracy; precision and sensitivity of 
analysis; and completeness, representativeness, and comparability of measurement data  
from all analytical laboratories. Quality assurance objectives for  field measurements 
are also discussed. 

I 

For some field activities, samples wil l  not be collected, but measurements wil l  

be taken where quality assurance concerm are appropriate (e.&, field measurements of 
pH, temperature. and elevations). The primary quality assurance objective in activi- 
ties where samples are not collected is to obtain reproducible measurcarentt to a de- 
gree of accuracy consistent with their intended use and to document measurement 
p roccd u r es. 

3.1. R E G U L A T O R Y  AND LEGAL REQUIREMENTS 

Data used to evaluate compliance wi th  the National Interim Primary Drinking 
Water Standards, State of Colorado water-quality standards. or water-quality criteria 
for agricultural or industrial use will have method detection l imits  3s specified by the 
Inalytical method used, as appropriate. 

3.2. LEVEL OF Q U A L I T Y  A S S U R A N C E  EFFORT 

Field duplicates, field blanks, and t r ip  blanks will  be taken and submitted to 
the analytical laboratories to provide a means to assess data quality resulting from 
field sampling. Duplicate samples will  be analyzed to check for sampling repro- 
ducibility. Field and trip blanks will  be analyzed to check for procedural contamina- 
tion and/or ambient site conditions that are  causing sample contamination. T r ip  

blanks wil l  be analyzed to check for contamination during packaging and shipment. 



BCCausc voiatile organic compounds are  a class of contaminants most l ikely to bc in- 
troduced to the sample by t h e  sample container. there will be one trip blank per batch 
of samples designated for volatile organic compound analysis (shipping container). 
There will  be one duplicate 3nd one field blank for every LO investigative samples 
Collected. For laboratory organic analysis. matrix spikes 3nd matrix spike duplicates 
wil l  be used. The general level of quality assurance effor t  for organic analysis w i l l  

bc one matrix spike and one matrix spike duplicate prepared for every 20 samples of 
similar concentration and/or similar sample matrix. whichever is greater. In addition 
to field check samples. water samples of known concentration traceable to either EPA 
or YBS standards will be prepared for inorganic and  radiological analyses. The gen- 

cral level of quality assurance effort  for inorganic analyses wil l  be one duplicate 
known sample and one duplicate field sample for every 10 investigative samples to 

check analytical reproducibility. 

Soil samples selected for  geotechnical testing will include one field duplicate 
for  each 20 analyses being pcrformcd, if possible, but wi l l  not include blanks. 

The groundwater, surface water, and soil samples collected a t  Rocky Flats 
Plant during CEARP Phase 2 will be analyzed using the analytical methods specified 
in Tables 3.1. 3.2, 3.3, and 3.4. The level of laboratory quality assurance effort  will 
correspond to the procedures outlined in Appendix A. 

3.3. ACCURACY, PRECISION, AND SENSITIVITY OF ANALYSES 

The fundamental quality assurance objective w i t h  respect to accuracy, prc- 
cision, and sensitivity of laboratory analytical data is to achieve the quality control 
acceptance criteria of the analytical protocols. Sensitivities required for analyses of 
rxiionuclides. organics, metals. and other inorganic compounds. in both aqueous and 
solid matrices will  be the detection limits shown in Tables 3.1, 3.2, 3.3. 3.4, 3.5, 3nd 

3.6. Achieving these detection limits depends on the sample matrix. Highly contami- 
mred  samples requiring dilution will have detection limits higher than those detected. 

The accuracy of f kld laboratory measurements of groundwater and surface 
water pH will be assessed through pre-measurement calibrations and post-measurement 
verifications using a t  least two standard buffer solutions. The two measurements 
must each be within +0.05 standard units of buffer  solution values. Precision will  be 
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assessed through replicate measurements o f  every tenth sample. The  s tandard  dc- 

viation of four replicate measurements must be less than or equal to 0.1 standard 

units. (The electrode will be withdrawn. deionized-rinsed and re-immersed betwccn 
each rcplicatc. The calibration and verification will  be done before the f i rs t  rcpli- 

Cate and af te r  the last replicate.) The instrument used will  be capable of providing 

m ~ i s u r e m e n t ~  to 0.01 standard units. 

a ,  

The geotechnical and field data will be considered accurate i f  the qual i ty  as- 

surance criteria with respect to equipment, solutions. and calculations are  met, and i f  

adherence to appropriate methods can be documented during a systems audit. 

3.4. COhl P LETENESS. REP R ES ENTATI \‘EN ESS A S  D CO MP A R A B I L ITY 

The laboratories w i l l  provide data meeting quality control acceptance cri teria 
as described in Appendix A. Laboratories will provide completely valid d3t3  

(IGMP/CSPCP QA/QC Plan. Section 8); the reasons for  any variances f rom 100 per- 
cent completeness will be documented in writing. 

3.5. FIELD hIEASUREMENTS 

Measurement data will be generated in many field activities. These activit ies 

may include, but are  not limited to, the following: 

- using .geophysical surveys 

- documenting time and weather conditions 

- locating and determining the elevation of sampiing stations 

- measuring pH, conductivity, and temperature of water samples 

- qualitative organic vapor screening of solid samples using 3 pho- 
toionization detector (PID) or an organic vapor analyzer ( O V A )  

- measuring water levels in a borehole or well 

- standard penetration testing 

- calculating pumping rates 

- verifying well-development and presampling purge vOlumef 

- Performing hydraulic conductivity tests 



The general quality assurance objective for  such rne3surement data is to obtain 
reproducible and comparable measurements to a degree of accuracy consistent with 

thc intended use of the data through the documented use of standardized procedures. 
Procedures for performing these sctivities and standardized formats for documenting 
rhcm are  presented in the CGMP 3nd IGMP/CSPCP Sampling Plans. These procedures 

may be incorporated by reference (EPA methods) or included 3s appendices. Stan- 

dardized formats for  documenting data collection are  included in the Technical Data 
.Management Plan. 
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ATTACHMENT I 
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ATTACHMENT 1 

Lower Limits of Detection 

The  detection limits presented ,were calculated using the formula in S.R.C. 
Rcgulatory Guide 4.14, Appendix Lower L i m i t  O C  Dctcction, pg. 21. and follow: 

LLD = 4.66 BKG 
DUR 

(2.22) ( E f f )  (CR) (SR) (e-xt) (Aliq), 

N'h e r e 

LLD = 
BKG = Instrument Background in counts per minute  (cpm) 
DUR = Duration of sample counting in minutes 
Eff = Counting efficiency in cpm/disintegration per minute (dpm)  
CR = Fractional radiochemical yield 
SR = Fractional radiochemical yield of a known solution 
X f The radioactive decay constant for  the particular radionuclide 
t a the elapsed time between sample collection and  counting. 

Lower Limit of Detection in pCi per sample unit  

In' that  LLD is a function of many variables including sample matrix, sample 
volume, a n d  other factors, the limits presented a re  only intended as guides to oraer- 
of-magnitudc sensitivities and, in practice, can easily change by a factor  of two o r  
more even f o r  the conditions specified. - 
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3. U.S. Environmental Protection Agency, 1976. Interim Radiochemical Methodology 
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EPA-600/4-80-032, Auguat 1980, Environmental Monitoring a n d  Support  Labora- 
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ATTACHMENT 2 

Lower Limits of Detection 

The detection limits presented were calculated using the formula i n  N.R.C. ' 

Regulatory Guide 4.14. Appendix Lower Limit of Detection. pg. 21.  3nd follow: 

I /2 
LLD - 4.66 BKG 

DUR 

(2.22) ( E l f )  (CR) (SR) (e-xt) (Aliq). 

\I' h e r e 

LLD = 
EKG = Instrument Background i n  counts per minute (cpm) 
OUR = Duration of sample counting in minutes 
E f f  = Counting efficiency in cpm/disintegration per minute (dpm) 
CR = Fractional radiochemical yield 
SR = Fractional radiochemical yield of a known solution 
X I The radioactive decay constant for the particular radionuclide 
t I the elapsed time between sample collection and counting. 

Lower Limit of Detection in pCi per sample unit 

In that LLD is a function of many variables including sample matrix, sample 
\*olume, and other factors, the limits presented are only intended as guides to order- 
of-magnitude sensitivities and, in practice, can easily change by a factor of two or 
more even for  the conditions specified. 



Table 3.5. Hazardous Substance List (HSL) 3nd Contract Required 
Detection Limits (CRDL).. 

Vol3tiles 

I .  Chloromethane 
2. Bromornethane 
3. Vinyl Chloride 
4. Chloroethane 
5. Methylene Chloride 

6. Acetone 
7. Carbon Disulfide 
8. 1.1-Dichloroethene 
9. 1.1-Dichloroerhane 
IO. trans-I .2-Dichloroethene 

11 .  Chloroform 
12. 1.2-Dichloroethane 
13. 2-Butanone 
14. 1.1.1 -Trichloroe t hane 
15. Carbon Tetrachloride 

16. Vinyl Acetate 
17. Brornodichloromethanc 
18. 1.1 ,2.2-Tetrachloroe t hane 
19. 1,2-Dichloropropane 
20. trans- 1.3-Dichloropropene 

a 
21. Trichloroethene 
2 2. D i b r omoc h lor o me t h a ne 
23. 1.1,2-Trichloroethane 
24. Benzene 
25. cis-l,3-Dichloropropenc 

26. 2-Chloroethyl Vinyl Ether 
27. Bromoform 
28. 2-Hexanoae 
29. 4-Me t h y 1-2- pe n t an0 ne 
30. Tetrachloroethene 

31. Toluene 
32. Chlorobenzene 
33. Ethyl Benzene 
34. Styrene 
35. Total Xylenes 

CAS S u m b e r  

74-87-3 
74-8 3-9 
75-0 1-4 
75-00-3 
7 5-09-2 

67-64- 1 
75- 15-0 1 
75-35-4 
75-35-3 
156-60-5 

67-66-3 
107-06-2 
78-93-3 
7 1-55-6 
56-23-5 

108-05-4 
75-27-4 
79-34-5 
78-87-5 
10006 1-02-6 

79-0 1-6 
124-48- 1 
79-00-5 
7 1-43-2 
1006 1-0 1-5 

110-75-8 
75-25-2 
591-78-6 
108- 10-1 
127- 18-4 

108-88-3 
108-90-7 
100-4 1-4 
100-42-5 
100-42-5 

Detection Limits. 1. 
Low Water3  Low Soi1:Sedirncnr’ 

u e / L  ue/Ke 

IO 
IO 
10 
IO 
6 

10 
5 
5 
5 
5 

IO 
10 
10 
10 
5 

10 
5 
5 
5 
5 

5 5 
5 5 

10 IO 
5 5 
5 5 

10 
5 
5 
5 
5 

10 
5 
5 
5 
5 

10 10 
5 5 
10 10 
10 IO 
5 5 
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Table 3.5. (Continued) 

Detection Limits. 
L o w  w3ter' Low SoiliScdimenr d 

a 

a 

3 6. Y- N i t r osod i me t h y I a mi ne 
37.  Phenol 
53. .Aniline 
39. bis( 2-Chloroeth y 1) et  her 
40. 2-Chlorophenol 

4 I .  l ,~-Dichlorobenzene 
42. 1.4-Dichlorobenzene 
43. Benzyl Alcohol 
14. 1.2-Dichlorobenzene 
15. 2-Methylphenol 

46. bis(2-ChloroisopropyI 

17. 4-Methylphenol 
48. N-Nitroso-Dipropylamine 
49. Hexachloroethane 
50. Nitrobenzene 

ether 

5 I .  Isophotone 
52. 2-Nitrophenol 
53. 2.4-Dimethylphenol 
54. Benzoic Acid 
55. bis(2-Chlorocthoxy) 

met ha ne 

56. 2,4-Dichlorophenol 
5 7. I ,2,4-Trichlorobenzcne 
58. Naphthalene 
59. 4-Chloroanilinc 
60. Htxachlorobutadienc 

6 1. 4-ChIoro-3-methylphenol 
(para-chloro-meta-cresol) 

62. 2-Methylnaphthalene 
63. He xac hloroc y clo pen t adie  ne 
64. 2,4.6-TrichlorophcaoI 
65.  2,4,5-Trichloropheno1 

66. 2-Ch loronapht halene 
67. 2-Nitroaniline 
68. Dimethyl Phthalate 
69. Acenaphthylcne 
70. 3-N i troa nili ne 

61-75-9 
108-95-2 
62-53-3 
I 11-44-4 
9 5-57-8 

541-73- I 
106-46-7 
100-51-6 
95-50- I 
95-38- 7 

39638-32-9 
106-44-5 
62 1-64-7 
67-72- 1 
98-95- 3 

78-59- I 
88-75-5 
105-67-9 
65-85-0 

I 11-91-1 

120-83-2 
120-82- 1 
9 1-20- I 
106-47-8 
87-68-3 

59-50-7 
91-57-6 
77-47-4 
8 8-06- 2 
95-95-4 

9 1-58-7 
88-74-4 
131-1 1-3 
208-96-8 
99-09-2 

10 
IO 
IO 
10 
10 

10 
10 
10 
IO 
10 

10 
10 
10 
10 
10 

10 
10 
10 
50 

IO 

10 
10 
10 
10 
IO 

10 
IO 
10 
10 
50 

10 
50 
10 
IO 
50 

330 
330 
330 
330 
3 30 

330 
3 30 
330 
330 
330 

3 30 
330 
330 
330 
330 

330 
330 
3 30 

1600 

330 

330 
330 
3 30 
3 30 
3 30 

3 30 
3 30 
330 
3 30 

1600 

330' 
1600 
3 30 
3 30 

1600 

i 
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Table 3.5. (Continued) 

71.  Acensphthene 
72. 2.4-Dinitrophenol 
73. 4-Nitrophenol 
74. Dibcnrofuran 
75. 2.4-Dinitrotolucne 

76. 2.6-Dinitrotuluenc 
77. Diethylphthalate 
78. 4-Chlorophenyl Phenyl 

ether 
79. Fluorene 
80. 4-Nitroaniline 

8 1. 4.6-Dinitro-2-methyl- 

82. N-nitrosodiphenylaminc 
83. 4-Bromophenyl Phenyl 

84. Hcxachlorobenzenc 
85. Pentachloropphenol 

phenol 

ether 

86. Phenanthrene 
87. Anthracene 
88. Di-n-butylphthalate 
89. Fluoranthefie 
90. Benzidine 

91. Pyrenc 
92. Butyl Benzyl 

Phthalate 
93. 3,3'-Dichlorobenzidine 
94. Bcnro( a)anthracene 
95. bis( 2-et h y 1 hex y 1) 

phthalate 

96. Chryscnc 
97. Di-n-octyl Phthalate 
98. Be nzo( b)f 1 uora n t hene 
99. Benzo(k)fluoranthenc 
100. Benzo(a)pyrene 
I O  1. Indcno( 1.2.3-cd)pyrene 
1 02. Di benr( a. h)a n t h racene 
103. Bento(g.h,i)perylene 

C A S  >umber 

83-32-9 
5 1-28-5 
100-02-7 
132-64-9 
I21 - 14-2 

606-20-2 
84-66-2 

7005-72-3 
8 6- 7 3-7 
I 00-0 1 -6 

534-52-1 
86-30-6 

IO 1 -S5-3 
118-74-1 
87-86-5 

85-0 1-8 
120- 12-7 
84-74-2 
206-44-0 
92-87-5 

129-00-0 

85-68-7 
91-94-1 
56-5 5-3 

1 17-8 1-7 

218-0 1-9 
117-84-0 
2 OS - 99-2 
207-08-9 
50-32-8 
193-39-5 
S3-70-3 
19 1-24-2 

Detect ion Limits. 
Low w;lteri Low Soil ;Sediment" 

us!/ L up 'Ke 

IO 3 30 
50 1600 
50 I600 
10 3 30 
IO 330 

10 
10 

IO 
10 
50 

50 
IO 

IO 
IO 
50 

10 
IO 
10 

10 
50 

10 

10 
20 
IO 

10 

IO 
10 
IO 
IO 
10 
10 
10 
IO 

3 30 
3 30 

3 30 
330 

1600 

I600 
330 

330 
330 

1600 

330 
330 
3 30 
330 

1600 

330 

330 
660 
330 

3 30 

330 
330 
3 50 
3 30 
330 
3 30 
330 
330 
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Table 3.5. (Continued) 
\ 

r Detect ion L i mi tS* 
Low W3rer' 
3 ' 1 .  ua/Ku 

Low Soil/Sed i men I 
U S  Yumber . .  Pesticides 

104. alpha-BHC 
105. beta-BHC 

3 19-84-6 
319-85-7 

0.05 8.0 
0.05 8.0 

106. delta-BHC 
107. gamma-BHC (Lindane) 
108. Heptachlor 
109. Aldrin 
110. Heptachlor Epoxide 

3 19-86-8 
58-89-9 
76-44-8 
309-00-2 
1024-57-3 

0.05 
0.05 
0.05 
0.05 
0.05 

8.0 
8.0 
8.0 
8.0 
8.0 

1 1 1 .  Endosulfan I 
112. Dieldrin 

114. Endrin 
115. Endosulfan I1 

113. 4.4'-DOE 

959-98-8 
60-57- I 
72-55-9 
72-20-8 
332 13-65-9 

0.05 
0.10 
0.10 
0.10 
0.10 

8.0 
16.0 
16.0 
16.0 
16.0 

116. 4,4'-DDD 
1 17. Endrin Aldehyde 
118. Endosulfan Sulfate 

120. Endrin Ketone 
119. 4,4-'DDT 

72-54-8 
742 1-93-4 
103 1-07-8 
50-29-3 
53494-70-5 

16.0 
16.0 
16.0 
16.0 
16.0 

0.10 
0.10 
0.10 
0.10 
0.10 

121., Methoxychlor a 122. Chlordane 
72-43-5 
57-74-9 
8001-35-2 
12674- I 1-2 
1 1104-28-2 

0.5 
0.5 
1 .o 
0.5 
0.5 

80.0 
80.0 

160.0 
80.0 
80.0 

123. Toxaphene 
124. AROCLOR-1016 
125. AROCLOR- I22 1 

126. AROCLOR- I232 
127. AROCLOR-1242 
I 28. AROCLOR- 1248 
129. AROCLOR- I254 
130. AROCLOR- 1260 

1 1  141-16-5 
53469-2 1-9 
12672-29-6 
I 1097-69- 1 
11096-82-5 

0.5 
0.5 
0.5 
1 .o 
I .o 

80.0 
80.0 
80.0 
160.0 
160.0 

'Medium Water Contract Required Detection Limits (CRDL) for  Volatile HSL 
Compounds arc 100 times the individual Low Water CRDL. 

bMedium Soil/Sediment Contract Required Detection Limits (CRDL) fo r  Volatile 
HSL Compounds a r t  100 times the individual Low Soil/Sediment CRDL. 

'Medium Water Contract Required Detection Limits (CRDL) for  Semi-volatile HSL 
Compounds are 100 times the individual Low Water CRDL. 

dMedium Soil/Sediment Contract Required Detection Limits (CRDL) f o r  Semi- 
Volatile HSL Compounds are  60 timet the individual Low Soil/Sediment CRDL. 

a 
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I Table 3.5. (Continued) 

eMedium Water Contract Required Detection Limits (CRDL) for Pesticide HSL 
-Compounds arc 100 times the individual Low Water CRDL. 
Alcdium Soil/Sedimcnt Contract Required Detection Limits (CRDL) for Pesticide 
HSL compounds i r e  60 times the individual Low SoiliSedimenr CRDL. 

*Dctcction limits listed for  soil/sediment arc based on wet weight. The detection limits 
calculated by the laboratory for soil/sediment, calculated on dry  weight basis. as 
required by the contract, will  be higher. 

"These are the EPA detection limits under the Contract Laboratory Program. Specific 
detection limits are  highly matrix dependent. The detection limits listed herein i t c  
provided for guidance and may not always be achievable. 
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Table 3.6. Elements Determined by Inductively Coupled 
Plasma Emission or  Atomic Absorption Spectroscopy 

Element 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryl1 i um 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
.Mag nes i u m 
&Ma n ga n ese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 

Vanadium 
Zinc 

Con t r a c  t Re q u i red 
Detection Levcll*’ 

( u e / L l  ’ 

200 
60 
10 
200 

5 
5 

5000 
10 
50 
25 
100 

5 
5000 

I5 
0.2 

. 40 
5000 

5 
10 

5000 
10 

50 
20 

200 
40 
200 

Cesium 
.Mol y b d e n u m 
Strontium 

Cyanide 10 

Sote: Detection limits in soil/sediment a r e  numerically equivalent to  those listed 
above with concentration units of mg/kg. 

‘Higher detection levels may also be used 
in the following circumstances. 

If the sample concentration exceeds two times the  detection limit of the instrument 
or  method in use, the value may be reported even though the instrument  or  method 
detection limit may not equal  the contract  required detection limit. This  
is illustrated in the example below: 
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Table 3.6. (Continued) 

For lead: 

.Method in use - ICP 
Instrument Detection Limit (IDL) - 40 
Sample Concentration = 85 
Contract Required Detection Limit (CRDL) = 5 

The value of 85 may be reported even though instrument detection l imit  is greater 
than required detection level. The  instrument or method detection l imit  must be 
docu mcnted. 

'These CRDL a r e  the instrument detection limits obtained in pure water.  
7 

met using the procedure in Exhibit E. The detection limits for  samples ma!: be 
considerably higher depending on the sample matrix. 



4. SAMPLING PROCEDURES 

Procedures for collecting samples and for  performing 311 related f ield 3cIil.i- 

Ad-  ties are described in demii in Appendix A of the IGMP,'CSPCP Sampling Plan. 
herence to these procedures will be confirmed by the CEARP Quality Assunns::  01'- 
ricers (Rockwell International and subcontractor) by quality assurance audits. 



;a ',, 
. .  

5. SAMPLE CUSTODY 

CEARP field custody procedures are described i n  Section 7.2 of thc 

IGh1P;CSPCP Sampling Plan. Laboratory custody procedures Tor the analytic31 labo- 
ratories 3re described in Appendix A. 
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6. CALIBRATION PROCEDURES AND FREQUENCY 

Standard commercial calibration procedures wi l l  be used by the analytical  Iab- 
oratories, as specified in Appendix A. 

Calibration of equipment used to perform geotechnical testing wii l  be in ac-  
cordance with that specified in the ASTM Method D 422-63' f o r  hydrometer and  s i e \ c  

analyses (Annual Book of ASTM Standards, Volume 04.08, 1984). T h e  equipment  Cali- 
brations. including those for ovens, thermometers and  balances. shall be done a t  1 

minimum of every six months and prior to large scale testing. 

Field instruments will be calibrated according to procedures presented in Ap- 

pendixes A a n d  B of the IGMP/CSPCP Sampling Plan. A cal ibrat ion log book will bc 

assigned to each field instrument. and all calibrations wil l  be documented in the log 
books. 



7. ANALYTICAL PROCEDURES 

Laboratory analyses will follow methods described in  Tables 3.1. 3.2, 3.3, and 

n the SSMPs. 3.4 Deviation from those methods, i f  requ red. wil l  be presented 
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8. DATA REDUCTION. VALIDATION, AXD REPORTING 

Analytical laboratories will  provide results to t h e  Rockwell Intern3tion2l 

CEARP Manager. t he  Subcontractor Project Manager. and Quality Assurance Officcrs. 

These data  will  include results and docurnentation for  blanks and  duplicates. matr is  
spikes, and forms summarizing analytical precision and  accuracy. 

Analytical da ta ,  including quality control sample analysis, wi l l  be entered into 
the t tchaical  data base. T h e  analyses will be grouped into lots, with qual i ty  contrcl 
samples associated with a particular lot. The  analyses of qual i ty  control samples w i l l  

be compared to theoretical  known concentrations of those samples. If analyses do nct 
meet acceptance cr i ter ia ,  the analytical laboratory may be asked to re-analyze thc 

samples for  parameters which do not exceed holding times. Analyses which cannor 

meet acceptance cr i ter ia ,  will be labelled as unacceptable. A l l  parameter-specif ic val-  

ues f o r  a lot in w h i c h  t h e  quality control analyses d id  not meet acceptance criteria. 
wil l  be removed f r o m  the technical data base. 

Acceptance cr i ter ia  f o r  analyses of parameters for  qua l i ty  control samples 

(knowns) will be based on the theoretical known value furnished by the laboratory 
that prepared the sample. T h e  theoretical known value is stated as a range of values. 

The  analysis of the sample must be within the stated range of the  theoretical known. 
plus o r  minus 10% of the range. A n  exception is analyses a t  or  near the limit of dc- 
tection. If the lower l imit  o f  the range of the theoretical known value is less than 

twice the l imit  of detection, an  acceptable analysis includes the range f rom the l i m i t  

of detection to the  upper  limit of the theoretical range, plus 10%. 

Analytical  reports f r o m  a field laboratory, if used, a n d  the georechnical labo- 
ratory will include al l  raw data,  documentation of reduction methods, and  related 
quali ty assurance/qual i ty  control data. These data will be assessed by verification 01' 

reducrioa results a n d  confirmation of compliance with quali ty assurance/quality con- 

trol requirements. 

Raw d a t a  f r o m  f ie ld  measurements and sample collection activit ies used in  
Where d a t a  have been reduced Or project reports will be appropriately identified. 

summarized, the method of reduction will be documented. 



. .  

The Quality Assurance Officers will review results of  Quality Control-iccep- 
t3nce evaluations and will document acceptance or non-acceptance of data. The Qual- 

it!. Assurance Officers w i l l  maintain records of quality control-acceptance tests. 
Thcse records w i l l  be subject to independent audit. which may include LcS Alamos 
y3tion3l Laboratory. 
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9. INTERNAL QUALITY CONTROL PROCEDURES 

lntcrnal qual i ty  control procedures for  the laboratory a r e  those specified in  

A o p e n d i . ~  A. These specifications include types of aud i t s  required (e.&, samplc 

spikco. surrogate spikes. reference samples. controls. and blanks), frequency of audits.  

compounds IO be used fo r  sample spikes and surrogate spikes. 3nd  quality control ac-  

ceptance cri teria f o r  audits. 

The quality control checks and acceptance f o r  d a t a  f rom 3 field laboratory.  i f  

used, and  the gcotechnical laboratory a re  described above in Sections 3.2 a n d  3.5. 
Quality control procedures fo r  field measurements (pH, conductivity,  and  tempera-  

ture) a r e  limited to checking the reproducibility of the measurement in the f ie ld  by 

obtaining multiple readings and/or  by calibrating the instruments (where a p -  

propriate). 

and blanks. 

Quality control of field sampling wi l l  involve collecting field dup l i c i r e s  
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10. PERFORMANCE A N D  SYSTEMS AUDITS 

For each activity where samples a r e  collected. 3 performance audi t  idvesti- 
3 3 t i n g  conformance w i t h  quality contro: procedures wi l l  be conducted (Appendix :A b 

at the discretion of the Rockwell International CEARP manager. Subcontractor Pro- 

ject ,Manager, and  Quality Assurance Officers. This audi t  will  be scheduled to allow 

oversight of as many different field activities as  possible. This  audi t  will be pcr- 

formed by the Quality Assurance Off icers  o r  their designees. A written report  of thc 

results of this audit ,  along with a notice of nonconformity (if necessary). wil l  bc 

submitted to the  following individuals: 

- Rockwell International CEARP Manager - Subcontractor Project Manager - Subcontractor Site Manager 

A t  least one systems audit  wi l l  be performed during the project. T h e  a u d i t  

wi l l  vcr i fy  that a system of quality control measures, procedures, reviews, a n d  ap- 

provals was established for  all activities a n d  is being used by project personnel. I t  

will also ver i fy  that  the syste-m for  project documentation is being used and  t h a t  a l l  

quali ty control records, along with required quality control reviews, approvals. a n d  

activity records a re  being maintained. A standard checklist for  systems audits will be 

used. T h e  systems audit  will be conducted by the Quality Assurance Off icers  a n d / o r  

LOS Alamos National Laboratory. A f inal  report will  be prepared which summarizes 

any deviations f rom approved methods a n d  their impacts on the project results. 

A f t e r  consultation with the CEARP Manager (and Subcontractor Project M3n- 

ager), the Qual i ty  Assurance Officers may schedule systems audits of the par t ic ipat-  

ing laboratories. A t  a minimum, the systems audit  would include inspection of Iabo- 

ratory notebooks. control sheets, logsheets, computer files, and equipment calibration 

and  maintenance records. If scheduled, system audits will be executed by individuals 
identified in  Section 2-3 of this document. 

Performance and systems audits of analytical laboratories will be scheduled 
and  executed by the laboratory Quality Assurance Officers. Performance audi ts  a re  

conducted a t  least semiannually. 
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I f .  PREVENTIVE MAINTENANCE 

This section applies solely to f ie ld  equipment .  P reven t ive  m3in tenance  wi l l  bc 

3ddressed by checks of equipment  prior to ini t ia t ion of f i e ld  oper3t tons.  to al low t imc 

f o r  replacement of mal func t ioning  equipment .  The Subcont r3c tor  Sitc hfanager  \vi11 

be responsible f o r  implementing a n d  document ing  these procedures  on 3 weekly basis 

d u r i n g  the period of use. 



I .; 12. LABORATORY DATA ASSESSMENT P R O C E D U R E S  

Analytical data from I3boratories is assessed for  accuracy, precision and corn- 

P!C~CZ:SS by :he laboratory Quality Assurance Officers. using standard procedures. 

Assessment of data  generated by analytical laboratories is initiated and con- 

tinued a t  three administrative levels. The bench chemist directly responsible for thc 
test knows current operating acceptance limits. He/she can directly accept or reject 

senerated data  and consult with his/her immediate supervisor for  any corrective 
action. Once the  bench chemist has reported the data as acceptable, he/she initials 
the report sheet. Any out-of-control results are flagged and a note is made 3s to w h y  

the results were reported. 

The chief chemist receives the data sheets and reviews the. quality control d3t3 

that accompanied the sample run. After checking the reported data  for  completeness 

and quality control results, the chief chemist either initials the report sheet or sends 

i t  back to the bench chemist for rerunning of samples. The Quality Control Coordi- 

nator reviews data forwarded to him/her as acceptable by the chief chemist. Any 
remaining out-of-control results that, in the opinion of the Quality Control Coordina- 

tor, do not necessitate rerunning of the sample, are flagged, and a memo is written to 

the data  user regarding utility of the data. Data generated from all analyses are  
given a final review by the laboratory Quality Assurance Officers. 



13. CORRECTIVE ACTION PROCEDURES 

The Quality Assurance Officers and their  aud i t  teams will  prepare 3 report J c -  
scribing the results of the performance and /o r  system audits. I f  unacceptable condi-  

tions (e.g.. fa i lure  to have/use procedures). unacccptablc data. nonconformity with thc 

qual i ty  control procedures, or a deficiency a r e  identified.  the Quality Assurance Of-  

f icers  will not i fy  the Rockwell International C E A R P  Manager of the results of the 
aud i t  in writing. They will also state if the nonconformity is of significance f o r  the 

urogram and  recommend appropriate corrective actions. The Rockwell International . 

C E A R P  Manager will be responsible for ensuring that  correcitve is developed a n d  ini-  

tiated and  that. if necessary, special expertise not normally available to the project 

team is made available. The subcontractor wi.11 be responsible for  ca r ry ing  ou t  cor- 

rective actions. The subcontractor will  also ensure that additional work is not per- 

formed until the nonconformity is corrected. Corrective action may include 

- reanalyzing the samples if holding time permits, 

- resampling and reanalyzing, 

- evaluating and amending the sampling and  analytical procedures, 
and  

- accepting the data  and acknowledging its level of uncertainty. 

The Rockwell International CEARP Manager will  be responsible f o r  ensuring 

that  corrective action was taken, and  that i t  adequately addressed the nonconformity.  

After  corrective action is taken. the Quality Assurance Off icer  responsible f o r  

the a u d i t  w i l l  document its completion in a writ ten report. The report wil.1 indicate  
any  ident i f ied findings, corrective action taken. follow-up action, a n d  f ina l  

recommendations. The  report  will be sent to the Rockwell International CEARP !Van- 
ager. Project s t a f f  wil l  be responsible fo r  init iating reports on suspected nonconfor-  

mities in f ie ld  activit ies a n d  deliverables or  documents. 
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14. QUALITY ASSURANCE REPORTS 

The Rockwell International CEARP Sfanagcr wi l l  rely on written rc-  

Ports, memoranda documenting d3ta issessment activities, pcrformance 3nd systcms 
audits. nonconformity notices. corrective action reports. and quality assurance notices 
to enforce quality assurance requirements. The Los Alamos National Laboratory will 

be issued a written quality assurance report at  the end of each stage of site charactcr- 
ization (remedial investigation) by the Rockwell International CEARP Manager. 

Records will be maintained to provide evidence of quality assurance activities. 

Proper maintenance of quality assurance records is essential to provide support for  
evidential proceedings and to assure overall quality of the investigation. A quality 

assurance records index will be started at  the beginning of the project. Al l  informa- 

tion received from outside sources or developed during the project will  be retained by 

the project team' Upon termination of an individual task or work assignment, work- 
ing  files will be processed for  storage as quality assurance records. Upon termination 

of the project, complete documentation records (for  example, chromatograms, spectra, 

and calibration records) will be archived as required by DOE Order 1324.2A (Records 

Deposition). The Rockwell International CEARP Manager and the Los Alamos Na- 

tional Laboratory CEARP Rocky Flats Plant Team Leader will be responsible for en- 

suring that the Quality Assurance records a re  being properly stored and that they can 

be retrieved. 
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APPENDIX A 

QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) 
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1. LABORATORY QA/QC PSOG RAM 

This appendix to the quality assurance/quality control plan describes the orga- 
niration and procedures used to produce reliable analytical data. These procedures 

3 re applicable to performing chemical. radiological, and  geotechnical analyses on 
W 3 S t C  or environmental samples as appropriate. 

The ultimate responsibility f,or the generation of reliable laboratory data rests 
w i t h  the laboratory management. Laboratory management is vested with the author- 
i t y  to establish those policies and procedures to ensure that only da ta  of the highest 
attainable caliber are  produced. Laboratory management, as well as  the laboratory 

Quality Assurance/Quality Control Officer a re  responsible for  the implementation of 
thc  established policies and procedures. 

Laboratory management has the following responsibilities: 

- direct implementation of the quality assurance program, 

- ensure that their personnel are adequately trained to perform analy- 
ses, 

- ensure that equipment and instrumentation under their control are 
calibrated and functioning properly, and  

- review and perform subsequent corrective action on internal and ex- 
ternal audits. 

The Quality Assurance/Quality Control Officer has the following responsib 

- on-going review of individual quality assurance procedures. 

- providing assistance in the development and implementation of spe- 
cif ic quality assurance plans fo r  special analytical programs. 

- coordination of internal and external quality assurance audits, 

- coordination of quality assurance training, 

- review of special project plans for  consistency with organizational 
requirements and advising laboratory management of inconsistencies, 
and 

- overall coordination of the laboratories' quality assurance program 
manual. 
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1.2. SAMPLE MANAGEMENT 

On notification of the sampling and  analyses effort. the laboratory will creatc 
i file to maintain records associated with the activity. In addition to administrative 

information. requests for sample containers, preservatives. and required analyses will 

be incfuded in the file. 

Sample bottles will be prepared by the laboratory and made available to the 

sampling team. The bottles will be prepared according to the analysis plan procedures 
and will inciude sample preservatives appropriate to the analytes and matrices of 
concern. Addition of preservatives to sample shall be recorded on chain-of-custody 
forms. 

Samples received a t  the laboratories will be inspected fo r  integrity, a n d  any  
field documentation will be reviewed for  accuracy and completeness. 

Chain-of-custody and sample integrity problems will be noted and recorded on 
the chain-of-custody forms during sample log-in. Chainsf-custody forms a n d  def i -  
ciency notices will be maintained in the file. Any deficiencies will be brought to the 
attention of the Rockwell International CEARP Manager who will advise the labora- 
tory on the desired disposition of the samples. 

Each sample that is received by the laboratory will be assigned a unique se- 
quential sample number which will identify the sample in  the laboratory's internal 
tracking system. References to a sample i n  any communication will include the as- 

signed sample number. 

Samples will  be stored in a locked refrigerator at doc. The temperature of the 

storage refrigerators will be monitored and recorded daily by the sample custodian. 
Sample fractions and extracts will also be stored under these same conditions. 



1.3. ANALYTICAL SYSTEMS 

t ions. 
Instruments will be maintained in accordance with manufacturers'  specifica- 
More frequent maintenance may be dictated dependent on operational perfor- 

mance. Instrument logs will be maintained to document the date, type, and reason for  
any  maintenance performed. 

Contracts on major instrumenu with manufacturers and service agencies may 
be used to provide routine preventive maintenance and  to ensure rapid response to 
emergency repair service. 

1.3.2. Instrument C- 

Before any instrument is used, i t  will be calibrated using known reference rna- 
terisls. All sample measurements will be made within the calibrated range of the in- 

s tpmen t .  A record of calibration.wil1 be kept in an  equipment 108. 

0 1.3.3. Personnel Tra i plan 

Prior to conducting analyses on an independent basis, analysts will be trained 
by experienced personnel in the complete performance of the analytical method. X n -  

alysts  may require training a t  instrument manufacturers'  training courses. The ana- 
lyst wi l l  be required to independently generate data on several method and/or matrix 
spikes to demonstrate proficiency in that analytical method. The type of d a t a  to be 
generated wil l  be dependent on the analytical method to be performed. Results of 
this "certification" will  be reviewed by laboratory management for adequacy. 

I 

Method blanks and method spikes will be required in every lot of samples an- 
alyzed, thus performance on a day-to-day basis can be monitored. Laboratory man- 
agement and the Laboratory Quality Assurance/Quality Control Officer are  rerponsi- 
ble for  ensuring that samples are analyzed by only competent analysts. 



1.4. ANALYTICAL METHODS 

,Mass spectrometers will be tuned on a daily basis to manufacturer's specifica- 
tions with FC-43. In addition, once per shift  (8 hours) the= instruments will  bc 
tuned with decafluorotriphenylphosphine (DFTPP) or 4-bromo-fluorobenzene (BFB) 
for semi-volatiles or volatiles, respectively. Ion abundance will be within the window 
dictated by the requirements of the specific protocols. Once an instrument has been 

tuned, initial calibration curves for  analytes (appropriate to the analyses to be per- 
formed) will be generated for at  least three solutions containing known concentrations 
of authentic standards of compounds of concern. 

The  calibration curve will bracket the anticipated working range of analyses. 

Calibration data, to include the correlation coefficient, will be entered into 

laboratory notebooks to maintain a permanent record of instrument calibrations. 

During each operating shift, a midpoint calibration standard will be analyzed 
to verify that the instrument responses are  still within the initial calibration determi- 
nations. The calibratiun check cornpounds will be those analytes used in the EPA 

contract laboratory program's multicomponent analyses (e& priority pollutants and 
hazardous substances list) with the exception that benzene will  be used in place O F  

vinyl chloride (volatiles) and di-n-octyl phthalate will be deleted from the semi- 
volatile list. 

The response factor dr i f t  wi l l  be c~lcu la ted  and recorded. If s i g n i f i m n r  

(~30%) response factor dr i f t  is observed, appropriate corrective action will  be taken to 
restore confidence in the instrumental measurements. 

A11 GC/MS analyses will  include analyses of a method blank, a method spike. 
and a method spike duplicate in each lot of samples. In addition, appropriate surro- 
gate compounds specified in EPA methods will  spiked into each sample. Recoveries 

from method spikes and surrogate cornpounds will be calculated and recorded on con- 
trol charts to maintain a history of system performance. 
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Duplicate samples will be analyzed for analytical lots of twenty (20) or more 
samples. 

Audit samples will be analyzed periodically to compare and verify laboratory 
Oerformance against standards prepared by outside sources. 

Gas chromatographs and high performance liquid chromatographs will be cali- 
brated prior to each day of use. Calibration standard mixtures will be prepared from 
appropriate reference materials and will contain analytes appropriate for the method 
of .snalysis. 

Working calibration standards will be prepared fresh daily. The  working stan- 

dards will include a blank and a minimumof three concentrations to cover the antic- 
ipated range of measurement. A t  least one of the calibration standards will be at or 
below the desired instrument detection limit. The correlation coefficient of the plot 

of "known' versus 'found' concentrations must be a t  least 0.996 in order to consider 
the  responses linear over a range. If a correlation coefficient of 0.996 a n n o t  be ob- 
tained, additional standards must be analyzed to def ine the calibration curve. A 

midpoint calibration check standard will be analyzed each operating shift  (8 hours) to 
confirm the validity of the initial calibration curve. The  check standard must be 
within twenty (20) percent of the initial response curve to demonstrate that the initial 
calibration curve is still valid. 

Calibration data, to  include the correlation coefficient. wil l  be entered into 
Izboratory notebooks to maintain a permanent record of instrument calibrations. 

A t  least one method blank and two method spikes will be included i n  each 
laboratory lot of samples. Regardless of the matrix being processed, the method 
Spikes and blanks will be in aqueous media. Method spikes will be a t  a concentration 
of approximately five ( 5 )  times the detection limit. 

The  method blanks will be examined to determined if contamination is being 
introduced in the laboratory. The method spikes will be examined to determine both 
precision and  accuracy. 

7 clo 



.: Accuracy will be measured by the percent recovery of the spikes; precision 

will be measured by the reproducibility of method spikes. 

1.4.3. Atomic A b s v  

Atomic absorption spectrophotometers will be calibrated prior to each day ot' 

use. 

Calibration standards will be prepared from appropriate reference materials. 
and working calibration standards will be prepared fresh weekly. The working t tan- 

dards will include a blank and a minimum of five concentrations to cover the antici- 
pated range of measurement. 

Duplicate injections will be made for each concentration. A t  least one of the 
calibration standards will be a t  or below the desired instrument detection limit. The 

correlation coefficient of the plot of 'known' versus 'found' concentrations will be at 
least 0.996 in order to consider the responses linear over a range. If a correlation co- 
efficient of 0.996 cannot be achieved, the instrument will be recaljbrated prior to 
analysis of samples. Calibration data, to include the correlation coefficient, will be 
entered into laboratory notebooks to maintain a permanent record of instrument Cali- 
bra tions. 

A t  least one method blank and  two method spikes will be included in each 
laboratory lot of samples. Regardless of the matrix being processed, the method 
spikes and blanks will be in aqueous media. Method spikes wil l  be at a concentration 
o f  approximately five ( 5 )  times the detection limit. 

The method blanks will be examined to determine i f  contamination is being 
introduced in the laboratory and wil l  be introduced at  a frequency of one per analyt-  
ical lot or  five ( 5 )  percent of the samples, whichever is more. The method spikes wil l  

be examined to determine both precision and accuracy. Accuracy wil l  be measured 
by the percent recovery of the spikes. The recovery must be within the range of 75- 

125 percent to be considered acceptable. 

Precision will be measured by the reproducibility of both method spikes. Re- 
s u l t s  must  agree within twenty (20) percent in order to be considered acceptable. 



. .  

1.4.4. Sgcctr-le fWb& 

Spectrophotometers will be calibrated prior to each day of use. Calibration 

standards will be prepared from reference materials appropriate to the analyses being 
gxrformcd, and working standards will include a blank and 8 minimum of five (5)  
:oncentrations to cover the anticipated range of measurement. At  least one of the 
=libration standards will be a t  or below the desired instrument detection limit. The  

ax re l a t ion  coefficient of the plot of 'known' versus 'found' concentration will be a t  
least 0.996 in order to consider the responses linear over a range  If a correlation co- 

eff ic ient  of 0.996 cannot be achieved, the instrument will be recalibrated prior to the 
analysis of samples. 

0 -.. 

Calibration data, to include the correlation coefficient, r i l l  be entered into 
I3 boratory notebooks to maintain a permanent record of instrument calibrations. 

At least one method blank and two method spikes will k included in each 
laboratory lot of samples. Regardless of the matrix being processed, the method 
spikes will be at  a concentration of approximately f ive  ( 5 )  times the detection limit. 

The  method blanks will be examined to determine if contamination is being a introduced in the laboratory. 

Accuracy will be measured by the percent recovery of the spikes. The recov- 
e ry  must be in an acceptable range (based on EPA da ta  for the method of interest) in 
order  to be considered acceptable. Precision will be measured by the reproducibility 
of both method spikes. 

Results must agree within acceptable limits (based on EPA data) in  order to be 
:: asidered acceptable. 

1.5. REFERENCE MATERIALS 

Whenever possible, primary reference materials will obtained from the Na- 
tional Bureau of Standards (NBS) or the U.S. Environmental Protection Agency (EPA). 
In absence of available reference materials from these organizations, other reliable 
sources may be sought  Reference materials will be used for instrument calibrations, 
qual i ty  control spikes, and/or performance evaluations. Secondary reference material 



. . .  

may be used for these functions provided that they a re  traceable to an NBS standard 
or have been to an NIBS standard within the laboratory. 

1.6. REAGENTS 

Laboratory reagents will be of a quality to minimize or  eliminate background 
concentrations of the analyte to be measured. Reagents must also not contain other 
contaminants that will interfere with the analyte of concerll. 

1.7. CORRECTIVE ACTIONS 

When an analytical system is deemed to be questionable Or out-of-control at  
any level of review, corrective action will be taken. If possible, the cause of the out- 
of-control situation will be determined, and efforts will be made to bring the system 
back into control. Demonstration of the restoration of a reliable analytical system 
will  normally be accomplished by generating satisfactory calibration and/or  quality 
control sample data. The major consideration in performing corrective action will be 
to ensure that only reliable data arc reported f rom the laboratory. The Rockwell In- 
ternational CEARP Manager will be informed of the problem and  all corrective ac- 
tions taken. 

1.8. DATA MANAGEMENT 

1.8.1. .m Col ltctlop 

All data will  be recorded io laboratory notebooks. Laboratory notebooks will 

contain: 

- Date and time of processing - Sample numbers - Project - Analyses or operation performed - Calibration data - Quality control samples included - Concentrations/dilutions required - Instrument readings - Special observations - Analyst's signature. 
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Copies of laboratory notebooks will be provided to the Rockwell International e CEARP Manager on request. 

1.8.2. Data.  Rcductloa 

Data reduction will be performed by the individual analysts. The complexity 

of the data reduction will be dependent on the specific analytical method a n d  the 
number of discrete operations (extractions, dilutions. and concentrations) involved. 

For those methods utilizing a calibration curve, sample responses will be ap- 
plied to the linear regression line to obtain an initial raw result which will be fac- 
tored into equations to obtain the estimate of the concentration in the original sample. 
Rounding will not be performed until  af ter  the final result is obtained, to minimize 
rounding errors, and results will not normally be expressed in more than two (2) sig- 
aif icant figurer. 

Copies of all raw data  and  the calculations used to generate the final results 
will be retained in the laboratory fi le to allow reconstruction of the data  reduction 
process a t  a later date. Copies of these records will be provided to the Rockwell In- 
ternational CEARP Manager on request. @ 
1.8.3. Re v i e r  

System reviews will  be performed at  all levels. The individual analyst will  re- 
v i e w  the quality of data through calibration checks, quality control sample results. 
and performance evaluation samples. These reviews will  be performed prior t o  sub-  

mission of data to the laboratory management. 

Laboratory management wil l  review data for consistency and validity to de- 
t:rmine if program requirements have been satisfied. Selected hard copy output of 
da t a  (chromatograms, spectra, etc.) will be reviewed to ensure that results are inter- 
preted correctly. Unusual or unexpected results will be reviewed, and a resolution 
will be made as to whether the analysis should be repeated. In addition, laboratory 

management, will recalculate selected results to verify the calculation procedure. Any 
abnormalities will be brought to the attention of the Rockwell International CEARP 
.M3 n a get. e 



The Quality Assurance Officer will independently conduct 8 complete revicu 

of results from randomly selected samples to determine if  laboratory and  program 
quality assurance/quality control requirements have been met. Deviations from rc- 

quirements will be reported to the laboratory management and Rockweil International 
CEARP Manager for  resolution. 

Non-routine audits may be performed. 

1.8.4. 

Reports will contain final results (uncorrected for blanks and recoveries), 

methods of analysis, levels of detection, surrogate recovery data, and  method blanks 
data. In  addition, special analytical problems, and/or  any modifications of re fer -  
enced methods will be noted. The number of significant figures reported will be con- 
sistent with the limits of uncertainty inherent in the analytical method. Conse- 
quently, most analytical results will be reported to no more than two (2) significant 
f igures. 

Data will be reported in units commonly used for  the analyses performed. 
Concentrations in liquids will be expressed in terms of weight per unit volume (e.g.. 
milligrams per liter). Concentrations in solid or semi-solid matrices will be expressed 
in terms of weight per unit weight of sample (e&, microgram per grams). , 

Reported detection limits will be those specified by the analytical method. 

1.8.5. Data A r c h i v i n g  

The laboratory will  maintain on file all of the raw data (including calibration 
data),  laboratory notebooks, a n d  other pertinent documentation. This file wi l l  bc 

maintained at the laboratory for a period of time consistent w i t h  Rocky Flats Plant ' j  
requirements. A t  the end of that time frame, all these records will be given to Rocky 

Flats Plant. 



2. PERFORMANCE AND SYSTEM AUDITS 

Quality assurance audits will be conducted. System audits will  be conducted at  
random, unscheduled intervals at least annually. 

Audits will be planned, organized, and  clearly defined before they a re  initi- 
l ted.  Auditors will identify nonconformances or def iciencies. These will be reported 

3nd documented so that corrective actions can be initiated through appropriate chan- 
nels. Corrective actions will be followed up with a compliance review. A report on 
each audit  will be sent to the Rockwell International CEARP Manager. 

2.1. FIELD AUDITS 

Unannounced field audits. investigating conformance with QA/QC procedures. 
wil l  be performed. A typical checklist for  this type of audit is shown in Table A-1. 
A written report on the results of this audi t  will be submitted to the Rockwell Inter- 

national CEARP Manager. 

2.2. CORRECTIVE ACTION 

After each audit, auditors will identify nonconformances in a written noncon- 
f ormancc notice and initiate corrective action through the Rockwell International 
CEARP Manager. The nonconformance notice will describe any nonconforming con- 
ditions and set a date for response and corrective action(s). The Subcontractor 
Project Manager will prepare a written proposal for  corrective action for  review and 

3pproval by the Rockwell International CEARP Manager. When approved. the pro- 

gosed corrective action(s) wil l  be implemented. Follow-up review wi l l  be performed 
Sy the auditor to confirm tha t  the corrective actions have been implemented. 

a 
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Table A.I. Field Audit  

Project Site Manager 

Site Location Field Team Leader 

Auditor Date 

Question Yes No C o m m e n t / D o c u ~  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

IO. 

11. 

Was a site-specific sampling 
and  analytical plan followed? 

Was a field team leader 
appointed? 

Was the site health and safety 
coordinator present? 

Were field team members famil- 
iar  with the sampling plan? 

Was a briefing held offsite, 
before any site work was begun, 
to acquaint personnel with 
sampling equipment and assign 
f ield responsibilities? 

Was the daily briefing and 
safety check conducted? 

Was a completed 'Site Person- 
nel Protection and Safety Eval- 
uation Form' read and signed 
by all visitors and personnel 
entering the  site? 

Was a field notebook assigned 
to the field ream leader? 

Were entries made in the field 
notebook? 

Were sampling stations located 
correctly? 

Did the number and location 
of samples collected follow the 
site-specif ic sampling plan? 
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Table A I .  (Continued) 

Project Site Manager 

Site Location Field Team Leader 

Auditor Da te 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Were samples identified as 
described in the site-specific 
sampling plan? 

Were samples collected fol- 
lowing procedures specif ied in 
the site-specific plan? 

Was a chain-of-custody form 
filled out for  all samples col- 
lected? Were all sample transfers 
documented? 

Were samples preserved as 
specif ied in the site-specific 
sampling plan? 

Were the number, frequency, 
and type of samples (including 
blanks and duplicates) collected 
as described in the site-specific 
sampling plan? 

' 

Were the number, frequency, 
and type of measurements and 
observations taken as specified 
in the site-specific sampling 
plan? 

Were blank and duplicate 
samples properly identif ied? 

Was a record maintained 
of calibration of field equip- 
ment? 

Was field equipment cal- 
ibrated as required? 



Table AI. (Continued) 

Project Site Manager 

Site Location Field Team Leader 

Auditor Date 

Yes No C m e n  t/Documentat io1 

21. 

22. 

23. 

24. 

2s. 

26. 

Have any procedures been 
r e v i sed? 

Are revisions to procedures 
adequately docu men ted? 

Was the document log for  
chain-of-custody records and  
other sample traffic control 
forms maintained? 

Have any accountable doc- 
uments been lost? 

Did drilling and well con- 
struction follow procedures out- 
lined in the sampling plan? 

Were the activities being 
conducted compatible with the 
environmental conditions? 
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APPENDIX A 

1. DRILLING AND SAMPLING 

1.1. PURPOSE 

T o  provide procedures for  borehole drilling and  sampling. 

1.2. DEFINITIONS 

- Monitor Wells: Two-inch wells designed for  monitoring water levels 
and  groundwater quality. 

- Alluvial Wells: Monitor wells completed in surficial  materials 
(Rocky Flats Alluvium, colluvium, or  valley fi l l  alluvium). 

- Bedrock Wells: Monitor wells completed in  saturated sandstone of 
the Arapahoe or Laramie Formations. 

- Piezometers: Two-inch wells completed in claystone of the Arapahoe 
or  Laramie Formations for monitoring water levels. 

- Surface Casing: Casing set and grouted through surficial  materials 
in bedrock wells to prevent interconnection of shallow and deep fIow 
s y s tems. 

1.3. RESPONSIBILITY 

The Rockwell International CEARP Manager is responsible for the drilling and 
sampling program. 

The  Subcontractor Site Manager is rcsponsibk for direct  supervision of dril l ing 

and sampling. The  Subcontractor Site Manager will report dai ly  to the Rockwell In- 
ternational CEARP Manager on drilling and sampling progress including any prob- 
lems encountered implementing the field program. 

The  Field Team Leader is responsible for supervision of drilling, verification 
of drilled depths, and approval of the Driller's daily logs. The Field Team Leader is 
also responsible fo r  sample collection, handling, and f ield screening. 

a 
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The Driller i s  responsible 'for operating rnd  maintaining the rig and auxiliary 

equipment, for keeping 8 clean and safe  working environment, and for  assisting the 
Field Team Leader with sampling. a..\ 

I 

1.4. EQUIPMENT AND MATERIALS 

- Drilling rig with auger, rotary tricone, and diamond coring systems - Water truck - Rod trailer - Maintenance and access vehicles - Miscellaneous drilling equipment - Volatile organic-f ree water - Electric well sounder - Glass jars and lids - Labels - Core boxes - Plastic wrap - Pipe wrenches - Rock hammer - Pocket knife - Hand lens - Tape measure divided in tenths of a foot - Dropper bottle of hydrocltloric acid - Protractor - Marking peas and pencils - Field notebook - Log of boring form 

1.5. PROCEDURES 

1.5.1. ,4lluvial H'ellt 

(1)  Alluvial wells will bc drilled with hollow stem augers where practical. 
Boulders in the Rocky Flats Alluvium may prohibit the use of hollow stem 
augers, in which case alternative drilling methods such as tricone rotary 
will be used. Sampling through surficial materials will be performed by 

continuous sampling through the hollow stem augers (with split tube inner 
barrel) or by split spoon, depending on the materials. 

(2) Alluvial wells will be drilled approximately one to three feet into bedrock. 
They will be terminated after confirming the presence and lithology of 
bed rock. 



e: 
(3)’ The hole diameter will be a minimum of four  inches. The use of hollow 

stem augers eliminates the need for dril l ing fluids; however. some volatile 
organic-free water may be used if hole stability is a problem. In no event 
will mud or foaming agents be used. 

1.5.2. m o c k  w t u  

(1) Bedrock wells will be augered and rotary drilled through surficial materi- 
als and weathered bedrock as described above. 

(2) Upon penetration of unweathered bedrock, steel surface casing will be set 
and neat cement grout will be placed in the annulus through a tremie pipe 
or by pushing a plug of cement through the surface casing. The surface 
casing will be approximately 6 in. in diameter. 

(3) Grout will be neat Type I or Type I1 Portland cement, mixed with volatile 
organic-free water at a mix ratio of 6 to 9 gal. of water per 94-Ib bag of 
cement. Grout will be allowed to set a t  least twenty-four hours before 
drilling resumes. 

(4) The hole will proceed through bedrock by rotary coring (size NX or 
larger), using bentonite mud, volatile organic-Cree water, air mist (air and 
volatile organic-free water), or filtered air. 
/ 

(5) Drilling will progress into bedrock until at  least 3 f t  of saturated sand- 
stone within a 1 0 4  interval of bedrock is encountered. or until the well is 
approximately 100 f t  deep. Wells may be drilled deeper than 100 f t  to 
fully penetrate a sandstone. 

( 6 )  After drilling through sufficient sandstone thickness (as defined above), 
the hole will be cleaned and stabilized for packer testing. 

(7) Geophysical logging may be performed in some holes after packer testing. 

(8) After packer testing and geophysical logging are completed, the hole will 
be reamed, if necessary, to a minimum of 4 in. for well installation. 
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(1 )  The Driller will provide either continuous samples from I split tube sam- 
pler, split-spoon samples, rotary cuttings, or  NX core, depending on the 
drilling method. 

(2) As drilling progresses, the Field Team Leader will confirm sample depths 
with the Driller, describe the samples, and field screen the sample fo r  or- 
ganic or radioactive Contamination. Descriptions and screening results will 
be recorded in the field notebook and on a log of boring form. The Field 
Team Leader will also note the depth a t  which groundwater is encoun- 

tered. 

(3) Sample descriptions will include the following items as appropriate: 

- Borehole designation - Time and date - Interval footage and recovered footage - Name of unit and/or brief rock name - Characteristic structures of the unit - Fossils 
Lithologic description - Nature of contacts 
Water content - Organic and radioactive field screening resultr 

(4) Auger and rotary cuttings will be bottled in glass jars and labeled. Inter- 
vals designated for chemical analyses will be placed in jars and stored on 
ice in coolers. These samples will be delivered to the onsite laboratory, if 

an onrite laboratory is used, within 3 hours of collection. 

( 5 )  Core continuous split tube samples; and tplit-spoon samples will be 
wrapped with clear plastic to prevent rapid drying and cracking and 
placed in NX or NC size core boxes as appropriate. Wooden blocks will be 
inserted in the boxes a t  the beginning and  end of runs to mark footages 
and will indicate lost core zones. Core boxes will be labeled and stored. 

( 6 )  The Driller will keep a daily log detailing footage drilled, material used, 
and stand-by time. The Field Team Leader will keep an independent 
record of drilling activities in the field notebook to verify the daily logs. 
One copy of the daily logs will  be submitted to the Subcontractor Site 
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Manager tnd Rockwell International CEARP Manager by the Field Team 
Leader on 8 weekly basis. 

1.6. RECORDS 

- Log of boring - Driller's daily logs - Field notebook 
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2. MATERIALS DESCRIPTION 

. .. _, . .  
2.1. PURPOSE 

To provide procedures for field descriptions of surficial and bedrock materi- 
als. 

2.2. RESPONSIBILITY 

The Field Team Leader is responsible for describing core and samples follow- 
ing this work procedure. 

2.3. EQUIPMENT AND MATERIALS 

- Log of boring - Field notebooks - Clipboard - Rulers - Rock-color chart, Geological Society of America - Waterproof pens - Colored pencils - Protractor - Hand lens - Dropper bottle of hydrochloric acid - Rock hammer - Grain-size chart/scale 

2.4. PROCEDURES 

( 1 )  All  surficial materials and bedrock samples will be described using the 

following sequence of parameters: 

- Footage - Sample type - Percent recovery - General material type - Color - Structural characteristics - Grain sizes 
- Composition of grains - Degree of sorting - Grain shapes - Minor characteristics 
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- Degree and nature of cementation - Moisture content 

Procedures for describing each of these parameters a re  presented below. 

(a) Footage: Depth of sample interval. 

(b) Sample Type: Continuous drive, cuttings, core, or split spoon. 

(c) Percent Recovery: Percent of sample recovered from borehole. 

(d) General Material Type: Clay, clayey sand, sandy clay, Silt, sand, 
gravel, sand and gravel, shale, sandstone, or siltstone. 

(e) Color: Color of samples will be described by comparing samples 
with a standard color chart. Either a Munsel soil color chart  or  
USGS standard color char t  will be used. Colon will be described 
from moistened samples. Any color abbreviations shall follow those 
set by the standard color char t  used. 

( f )  Structural Characteristics: This  parameter describes bedding and 
other primary features of the sample, including nature of bedding 
(e.g., massive, tabular, lenticular, laminated, graded, or even); pri- 
mary features within beds or other structures (e&, grading, lamina- 
tions, cross bedding, channeling, distorted flow banding, and  inclu- 
sions); and characteristic secondary features (e.g., cleavage, promi- 
nent weathering effects, and  fracturing) (Compton 1962). 

(8) Grain Size: Grain sizes will  be classified according to the Went- 
worth scale (Dresser Atlas 1982). T h e  percentage of each grain size 

will be denoted by the following descriptive terms. ' 

Descriptive Term Percentage 
Trace 1-10% 
Some 10-20% 
Adjective (sandy, silty, etc.) 20-35% 
'And' 35-5096 

(h) Composition of Grains: Composition of grains will  be described by 
using the major or dominant grain component first, followed by 



. .  

a . .  ',; . 

minor component percentages o r  the appropriate descriptive term 
(Comgton 1962). 

Degree of Sorting: The degree of sorting is a measure of particle 
size uniformity. It will be visually estimated in  the field using 
sorting charts (Dresser Atlas 1982). 

Grain Shapes (Roundness): Roundness is tbe degree of a clastic par- 
ticle abrasion and  is reflcctcd in the sharpness of its edges and  cor- 
ners. Grain shapes will be determined visually in the field using 
grain shape charts  (Dresser Atlas 1982). 

(k) Minor Characteristics Minor and/or  unusual characteristics of a 
sample will be noted in the description including weathering. 

(1) Degree and  Nature of Cementation: The degree of cementation will 
be recorded as uncemented or unconsolidated, poorly cemented or 
consolidated, or well cemented, based on visual inspection. The  na- 
ture of calcium carbonate will be determined based on the reaction 
of samples to dilute hydrochloric acid., The intensity of the hy- 
drochloric acid reaction will be described as no reaction, weak rcac- 
tion, or strong reaction. 

(m) Moisture Content: A general qualitative description will be used ro 
describe moisture content. 

Dry: No discernible moisture present. 

Damp: Enough moisture present to darken the color of the sample, 
but does not feel moist to the touch. 

Moist: Sample feels moist to the touch. 

Wet: Visible water is present. 

(2) Geologic descriptions of core will follow the same procedures as outlined 
above. Additional records required for  core are: the cored (run) interval, 
the footage of recovered core and percent recovery, and the Rock Quality 
Designation (RQD) of the cored interval. 
core recovered in pieces greater than four inches in length (Deere 1964). 

RQD is the percent of sound 
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2 3  RECORDS e '.. I - Field Notebooks - Log of Boring 

2.6- REFERENCES 

Compton. R. R, 1962, Manual 01 Field Geology: John Wiley and Sons, Inc., New York, 
378 pp. 

Detre, D. U., 1964, Technical Description of Rock Cores for Engineering Purposes: 
Rock Mechanics and Engineering Geology, VOl. 1 ,  pp. 16-22. 

Dresser Atlas, 1982, Well Logging and lnrcrprerarion Techniques Dresser Atlas, Inc., 228 
PP. 



3. FIELD SCREENING FOR TOTAL ORGANIC COMPOUNDS I N  SOIL SAMPLES 
. .. . .  . 

3.1. PURPOSE 

To field screen soil samples for  volatile organic compounds. 

3.2. RESPONSIBILITY 

The  Field Team Leader is responsible for  f ie ld  screening of samples following 

this work procedure. 

3.3. EQUIPMENT AND .MATERIALS 

e .. 

- Field notebooks - Log of boring - Adhesive labeis - Waterproof pen - Sample bottles (500-ml amber glass) with lids - Photoionization detector (PID) - Organic vapor analyzer (OVA) 

3.4. PROCEDURES 

(1)  Approximately SO to 100 ml of soil will be placed in 500-ml amber 
glass jars, and  an  equal amount of deionized water will be added to 

the jar. The  jar will then be shaken and  allowed to stand for 30 
minutes allowing organic compounds to volatilize. 

(2) The sample jars will be labeled with the date, time, borehole number, 
sample depth, and  Field-Team Leader's. 

(3) Field screening of the samples for total organic vapor concentrations 
will be conducted using a n  OVA and a PID. The instruments will be 

calibrated to the volatile organic compounds of concern at  each site 
(Roffman e t  al. 1986). 

(4) The lid of the sample jar  will be opened sl ight ly  and the probes of 
Values registered on 

The 
the instruments will be placed inside the jar. 
each instrument will then be recorded in the field notebook. 



e '. date and time of the reading, the borehole number, and the sample 
depth will also be recorded in the field notebook and log of boring. 

3.5. RECORDS 

Field notebooks 
Logs of borings 

3.6. REFERENCES 

Roffman, H. K., M. D. Neptune, J. W. Harris, A. Carter, and T. Thomas. Field 
Screening for Organic Contaminants in Samples from Hazardous Waste Sites, 1986. 
Abstract from: Conference on Petroleum Hydrocarboos and Organic Chemicals in 
Groundwater-Prevention, Detection, and  Restoration, Houston, Texas, 8 p. 
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4.1. PURPOSE 

To provide procedures for labelir and  storage of boxed cares and jarred Sam- 

ples. 

4.2. DEFINITIONS 

- Storage Facility: The locatiot vhere boxed cores and/or  jarred sam- 
ples will be stored witbout f r e  .ing. 

4.3. RESPONSIBILITY 

The Field Team Leader is respon ble for  labeling and storage of all samples. 

4.4. EQUIPMENT AND MATERIALS 

- Labeling Pens - Adhesive Labels - Inventory Sheets - Field Notebook 

4.5. PROCEDURES 

( 1 )  Label core boxes and samplc ars in the field as samples are collected. All 

samples will be labeled wi th  

(a) location 
(b) borehole designation 
(c) date 
(d) depth 
(e) box or jar number 
(f) total number of boxes o jars for the borehole 
(g) Field Team Leader initi S 

Check that all information is co :ct before leaving the field with samples. 

(2) Transport samples to storagc 'acility. 

4. LABELING AND TORAGE OF SAMPLES 

.J 
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(3) Place samples in storage facility. Samples should be stacked in order by 
hole number and in neat and orderly arrangement for accessibility. All 

samples from each well should be placed in one location, and the labels 
should be visible. 

4.6. RECORDS 

Field Notebook 



S. DECONTAMINATXON OF DRILLING, TESTING, AND SAMPLING EQUIPMENT 

S.l. PURPOSE 

To provide procedures for equipment decontamination. 

5.2. DEFZN IT10 NS 

Equipment  Augers, drill pipe, bits, sampling devices, t o o k  tremie pipe, pack- 

ers, water pipe, geophysical logging equipment, casing, electric W e l l  sounders, pumps, 

and all other miscellaneous equipment used in drilling, sampling, testing, logging, in- 
stalling, and developing monitor wells. 

Decontamination: Decontamination is the process Of cleaning equipment to 

avoid transport of contamination. 

5.3. R ESPON SIB ILlTY 

.a. The Field Team Leader is responsible for  supervisinfl and approving the de- 
cbntamination cleaning of equipment. 

The  Driller is responsible Cor cleaning all drilling, sampling and well construc- 
tion equipment and assisting the geophysicist in cleaning geophysical probes and ca- 

bles. 

5.4. E Q U I P M E N T  AND M A T E R I A L S  

- Portable Steam Cleaner - Brushes and Buckets - Organic-f ree Water - Alkaline Detergent 

5.5. PROCEDURES 

5.5.1. Dti l l inc  and Well Installatton EaulDmept 

(1) Decontaminate all drilling equipment before starting the first borehole. 



a; 
(2) Upon terminrtioa of 8 borehole, decoataminrte all drilling, packer testing, 

and geophysical logging equipment Is well as stainless steel well casing 
and screen. 

(3) Decontamination will include: 

(a) a rinse with the steam cleaner using organic-free water; 
(b) scrubbing with brushes using a solution of orgaoic-free water and  

an alkaline detergent; and 
(c) a final rinse with the steam cleaner using organic-free water. 

(4) Cover drilling equipment with a clean sheet of plastic af ter  i t  is decoatam- 
hated.  Install wet casing and screen in the borehole. 

(5) Decontaminate'all equipment and tools used in well installation. 

(6 )  Before'moving to the next drill site, decontaminate the wireline cable by 
pulling it off the drum to the appropriate length. Also decontaminate the 

rig table and mast. 

0 55.2. SamDllnn EauiamegL 

(1 )  Decontaminate all sampling equipment before collecting the first sample 
and after each sample collected. 

(2) Decontamination will include: 

(a) scrubbing with brushes using a solution of organic-free wafer and an 
alkaline detergent; and 

(b) a rinse with organic-fret water (a steam cleaner may be used). 

(3) Decontaminate the electric well sounder probe and cable before and after 
measuring water levels. 

(4)  Decontaminate pumps and pump line exteriors before and after pumping a 
monitor well. Decontaminate the internal system of pumps and tubing by 

pumping a t  least 1 tubing volume of organic free water through the pump. 

. 



I (3) Discard bailer rope after each use. Attach new polypropylene rope to the 

bailer at each well. 

I .  ! 
, 5.6. RECORDS 
I , - Field Notebook 



8. WELL INSTALLATION 

8.1. PURPOSE 
e.. \, 

I To provide procedures for monitor well construction and installatioo. 

8.2. DEFINITIONS 

Monitor Well: Two-inch well designed for monitoring water levels and 

ground wa ter quali Cy. 

AIluvial Well: Monitor well completed in surficial materials (Rocky Flats Al- 

luvium, colluvium, or valley fill alluvium).. 

Bedrock Well: Monitor we11 completed in saturated sandstone of the Arapahoe 

or Laramie Formations. 

Piezometers: Two-inch well completed i n  claystone of the Arapahoe or 
Laramie Formations for monitoring water levels. , 

8.3. RESPONSIBILITIES 

The Subcontractor Site Manager is responsible for selecting completion 
intervals and well designs. Completion intervals and well designs will be approved by 
the Rockweil International CEARP Manager prior to well coastruction. 

The Field Team Leader is responsible for supervision and  documentation of 

welt completions. 

The Driller will assemble and install all materials. 

8.4. EQUIPMENT AND MATERIALS 

- Schedule 5 Type 316 s ta in les  steti  casing - Schedule 5 Type 316 stainless steel wire wrap screen - Type 316 stainlets steel centralizers - Bentonite pellets - Appropriate filter pack - Neat Type I or I1 Portland cement 



Concrete mix 
Organic-free water 
Five-gallon b u c h u  
Tremie pipe 
Hoses rad pump 
Shovel 
Trowel 
Protective surface casing 
Padlock 
100-ft tape measure divided in tenths of a foot with a weight on the 
end 
Electric well sounder 
Well construction summary data  sheets 
Field notebook 

8.5. PROCEDURES 

( 1 )  Pull all augers and drill pipe f rom borehole. 

problem, the wells may be completed inside the hollow stem augers. 

If borehole stability is a 

(2) Decontaminate drilling equipment and casing. 

(3) Measure depth to water and design well construction. 

Alluvial Wells. The screened interval in alluvial  wells will extend from 
approximately I f t  below the top of bedrock to 2 to 5 f t  above the water 
table. A fi l ter  pack designed f o r  the grain size of the formation will be 

placed around the screened interval a n d  will not extend more than 2 f t  

above the top of the screened interval. A 1-ft-thick bentonite seal will be 

placed above the fi l ter  pack, and  the annulus will be tremie grouted with 
neat Portland Type I or I1 cement to the surface. Cement may be poured 
from the surface if the cemented interval is within S f t  of the surface. A 

locking steel protective casing will be placed over the well, and a concrete 
surface pad, approximately 3 f t  in diameter, will be poured around the 
surface casing. The pad will be sfoped SO as to drain away from the well. 

Bedrock Welk. Bedrock monitor wells wil l  be screened across the entire 

interval of saturated sandstone with a minimum screened interval of S ft. 

Filter pack, bentonite, cement grout, protective casing, and a concrete pad 
will  be pIaced as described above. 
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Pietometen. Deep boreholes which do not encouater suff ic ient  sandstone 
thickness a f t e r  drilling through 70 It of claystone wi th  an average hy- 
draulic conductivity of 5 x IO” centimeters per second will be completed 
as piezometers with two-inch, Schedule 80, threaded and f lush jointed, 
polyvinylchloride (PVC) casing. Ten f t  of machine slotted casing will be 
placed at the base of the casing string. The  remainder of the well comple- 

tion will be as discussed above for  alluvial  monitor wells. 

(4) Calculate the amount of fi l ter  pack, bentonite, and cement that  will be re- 
quired fo r  well construction. 

( 5 )  Weld end cap on the bottom of the well screen with a stainless steel weld- 
ing rod, and thread the casing string together. 

(6 )  Place centralizer in the center of the screened interval, and determine its 
location on the  casing string to the nearest 1/100th foot. 

(7) Measure the length of the screened interval and the blank casing to the 
nearest 1/100th ft. 

(8) Measure total depth of the open borehole. If the bottom of the borehole is 

below the base of the screen, backfill it with bentonite pellets or tremie 
cement grout to the base of the screen. If the open borehole is backfilled 
with grout, allow i t  to set f o r  24  hours before well completion. Measure 
total depth of the open borehole again. I 

(9) Place casing string in open borehole. Place slip-on cap on top Of the casing 
string. Measure stick up to determine total well depth. Check well design 

for correct total depth. 

(10) Slowly pour filter pack into borehole annulus, making sure i t  is evenly dis- 
tributed around the well casing. Gently shake the casing as fi l ter  pack is 
added to avoid bridging of the f i l ter  pack. Measure depth to the top of 
the filter pack after each bag is added. Make more frequent measurements 

as filter pack approaches tbe top of the screened interval. 



(11)  Record the f inal  depth to  the top of the filter pack On well construction 
summary sheet. Record amount of filter pack used in the field notebook. 

(It) Pour bentonite pellets into borehole annulus, making sure they are evenly 
distributed around the well casing. 

. I  

(13) Measure depth to the top of the bentonite seal and record on well con- 
struction summary sheet. Record amount of bentonite used io the field 

notebook. 

(14) If the bentonite pellets are  above the water table, add 1 to 2 gal. of or- 
ganic-free water to the hole. Allow the bentonite to swell for approxi- 

mately 15 minutes before grouting to the surface. 

(15) M i x  neat Type 1 or I1 Portland cement (as directed by the Subcontractor 

Site Manager) a t  a mix ratio of 6 to 9 gal. of water per 94-lb bag of ce- 
men t. 

(16) Place tremie pipe in borehole annulus and attach appropriate hoses and 

pump. 

(17) Pump grout down borehole annulus. Pour grout from the surface if the 
cemented interval is within 5 f t  of the surface. Record amount of cement 

used in field notebook. 

(IS) Measure final stick-up of well casing and record on well construction 
summary sheet. 

(19) Set protective surface casing over stainless steel well casing. 

(20) Allow grout to set for 24 hr. 

(21) Place form for concrete surface pad around well casing. 
- 

(22) M i x  concrete and pour surface pad around well casing. Slope pad away 

from the well witb a trowel. 

(23) Weld well number on protective surface casing. 



8.6. RECORDS 

- Well Construction Summary - Field notebook 
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9. WELL DEVELOPMENT 

9.1. PURPOSE 

To provide procedures fo r  well development. 

9.2. DEFINITIONS 

Well Development: Well development is the proct3s by which fines f rom the 

formation and/or filter pack are  removed from the vicinity Of the well bore in  order 
to increase the efficiency of the well (UOP Johnson Divbion 1975). 

9.3. RESPONSIBILITY 

The  Subcontractor Site Manager is responsible for determining which method 
Well development methods will be approved by the of development will be used. 

Rockwell International CEARP Manager prior to well development. 

The  Field Team Leader is responsible for  well development. 

The Driller will be responsible for  supplying an air  compressor with a n  air fil- 
m 

ter  if the well is developed by the air  l if t  method. 

9.4. EQUIPMENT AND MATERIALS 

- 

. - - - 
(. - - - 

*NOTE: 
se lected. 

Electric well sounder 
Tape measure calibrated in tenths of feet  
Stainless steel pump' 
Air compressor' 
Teflon bailer. 
Bailer rope. 
PVC drop pipe' 
Gasoline powered generator. 
One liter beaker 
Watch 
Calculator 
Well development summary sheets 
Field notebook 

The use of these materials will depend on the method of well development 

I i 5" 



9 3 .  PROCEDURES 

e 

* 

The well will be developed by pumping, bailing, or  air-lifting. Pumping is the  
preferred method of well development and will be used wherever possible. Air-lifting , 

is less desirable because the potential exists fo r  oils f rom the air compressor to ea te r  
the wells, but may be necessary to adequately stress the wells. An air f i l ter  will be 
used if air-lifting is necessary. Bailing is not a n  efficient method of well develop- 
ment because of the low flow rates induced by bailing. Bailing will only be done in 

the event of pump failure a n d  to remove sediments in the bottom of the casing. 

(1 )  Decontaminate all  equipment prior to well development. 

(2) Measure the water level in the well. 

(3) Record the water level on the water level data  sheet. Record the date, 
time, well, and development methods on the well development summary 

sheet. 

95.1. pumaiag 

Well development by pumping will be accomplished by means of a two-inch 
The pump will be lowered to approximately I f t  above stainless steel piston pump. 

the bottom of the well. The  well will then be pumped until ten casing volumes of 
water have been removed from the well, unti l  the well water is clear, or until 4 h 
have elapsed. The pump will be raised 2 f t  a t  periodic intervals until the entire 

' screened interval is developed. 

95.2. Air  Llftiag 

Well development by air lifting will be accomplished by using an  air  compres- 
sor and I-in. PVC air  line. An air  filter will be attached to the air  line from the a i r  

compressor to  prevent the introduction of compressor oils or other foreign materials 
into the well. 

The .]-in. PVC air line will be lowered unt i l  within approximately 2 f t  of the 
bottom of the well. The a i r  line from the air compressor will then be attached to the 
top section of PVC pipe. The well will then be developed by the introduction of 
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compressed air into the well fo r  rpproximrtely fif teen minutes, or until a column of 
water is removed from the well. The well will then be rllowed to recover and an- 
other column of water discharged to the surface. This proceu will be repeated until 

10 casing volumes o f  water have been removed from the well, until the produced wa- 
ter is clear, or until 4 h have elapsed. At periodic intervals, the ai r  line will be raised 

2 f t  until the entire screened interval is developed. 

9.5.3. BIillnn 

Well development by bailing will be accomplished using a Teflon bailer and 
small diameter polypropylene bailing rope. Water, formation and/or filter pack mate- 

rials will be removed from the well by bailing until 10 casing volumes of water have 
been removed from the well, until the well water is clear, or until 4 h have elapsed. 
The bailing rope will be discarded following well development. 

9.6. RECORDS 

- Well development summary sheets - Field notebook 

9.7. REFERENCES 

Johnson, E. E., Inc., Groundwater and Wells - A Reference Book f o r  the Water-Well 
Industry, 1980, Johnson Division. UOP, Inc., Saint Paul, Minnesota, 440 P. 

I A 



11. WELL PURGING 

11.1. PURPOSE 

To provide procedures for well purging. 

11.2. DEFINITIONS 

Casing Volume: The  casing volume is the volume of water standing inside the 
casing, i.e, the distance between the water level a n d  the bottom of the casing (length 
of the water column in the well) multiplied by the inner cross-sectional area of thc  

casing. 

Well Purging: Purging is the removal of suff ic ient  water from the well so that  

representative formation waters enter the well and  can  be sampled. Purging wil l  con- 
sist of removing three casing volumes. 

11.3. RESPONSXBXLITY 

The Subcontractor Site Manager responsib.2 for  selecting well purging meth- 

Well purging methods will be approved by the Rockwell International CEARP ods. 

Manager prior to purging. 

The  Field Team Leader is responsible for  purging wells prior to sampling. 

11.4. EQUIPMENT AND MATERIALS 

Wells wi l l  be purged using dedicated bladder pumps, dedicated Teflon bailers. 
or portable sampling pumps. Because of the various purging methods. some or all of 

the following equipment will be needed. 

- Bladder pump - Oil-less air  compressor - Stainless steel piston pump - Polypropyiene rope - Large container of known volume - Deionized water - Watch - Calculator 



- Pencil - Field Water Quality D a t i  Sheet - Field notebook 

11.5. PROCEDURES 

11.5.1. 

(1 )  Calculate t,.e casing volume using the formula 

Casing volume (gallons) I (TD - WL) ' (A), 

where 

TD - 
WL I depth to water from ground surface (ft), 
A I cross sectional area of the well (gallons/ft), 

total depth  of the well from ground surface (ft), 

0.163 for a 2-in. well, 
0.367 for a 3-in. well, 
0.652 for a 4-in. well, and 
1.468 f o r  a 6-in. well. 

- 
I 

I 

m 

Note that total depth a n d  depth  to water must be measured f rom the same da- 

tum. The total depth of the casing is usually reported as depth below ground surface 
a n d  the depth to water is measured f rom the top of the inner casing. In order  to cor- 

rect the depth tu water measurement, subtract  the height of casing above ground f rom 
the  depth to water measured f rom the top of casing. 

(2) Multiply the casing volume by three. This is the volume of water to be 

purged. 

( 3 )  Record calculations in  the field notebook and on Field Water Quality 

Data Sheet. 

11.5.2. P u r d n g  

Remove three casing volumes of water from the well using the pump, the dedi- 
cated Teflon bailer, or the portable sampling pump. Regardless of the methods used 

to purge the well, record the total  volume purged and the time when purging begins 
and ends. 



d P w  S v m .  The dedicated pump system will consist of an air-rc- 
tuated bladder pump with downward flow checking valves on the  inlet to the inside 
of the bladder and on the tubing above the outlet from the inside of the bladder. Air 

is deIivered to the outside of the bladder and pressure is maintained long enough that 
the bladder is compressed and water imide it is forced into the discharge tubing. Wa- 
ter is kept from exiting the bottom of the pump by the lower check valve. The air  

pressure is vented to surface through the same pressurizing tube (requiring a t ime de- 
pendent on length of tubing, required air  pressure, and depth of submergence of the 
pump). Water forced into the discharge tubing is held by the upper check valve. The 
cycle is repeated until discharge reaches the surface rnd purging begins. Because of 

this pumping mechanism, the discharge is delivered to the surface in cyclic slugs, but 
the pressurizing air is never in contact with the water. 

The upper check valve has a small-diameter bypass so that water in the dis- 
charge tubing will drain back into well and not freeze. 

(1)  Attach compressor to Pump Pressure Inlet on controller (use oil-less com- 
pressor to protect pneumatic logic components inside controller). 

(2) Connect red air hose between well cap and Pump Supply on controller. 

(3) Position Refill and Discharge knobs to center position (12 o'clock) and 
start cornpressor. Record the time a t  the start of pumping in the' field 
note book. 

(4) Set gas pressure level to a pressure sufficient to lift the column of water .  
in  the discharge tubing plus 30 psi. but do not exceed I25 psi total. 

( 5 )  Adjust Discharge knob so thz t  venting occurs at  the end of the slug dis- 
charge. 

(6) Decrease Refill cycle time until volume discharged in each cycle begins to 
decrease. If decrease is immediate, lengthen both Refill and Discharge cy- 
cle times and repeat steps 5 and 6. 

(7) Measure volume produced in a container of known volume (e.&, plastic 

trash can or plastic bucket). 



. . .  

(8) Continue pumping until the appropriate volume has been purged. Record 

time 8t end of pumping as well as the total volume pumped in the field 
notebook and on the Field Water Quality Dit. Sheet. 

(9 )  Measure and record water level a t  the end of pumping. 

(1) Put on surgical gloves. New cotton gloves may be worn over the surgical 
gloves if desired. 

(2) Place a sheet of plastic over the casing. Cut a hole in the plastic for  the 
casing and spread sheet on ground around the well. The plastic and 

equipment should be arranged in such a manner to enable the samplers to 
do all work while standing on the plastic. 

(3) Attach new polypropylene rope to bailer inspect the check valve, top bail, 
knot, and rope. Do not allow bailer or rope to contact anything but clean 
plastic. If any components are  loole or damaged, replace them. 
Decontaminate equipment if any new parts are  used. 

(4) Lower bailer into well. fill with water. and  hoist to surface, coiling the 

rope into the hands. 

(5) Empty bailer into a container of known volume (e& 5-gal. bucket). 

(6) .Continue bailing until appropriate volume has been purged, as determined 
by volume in container. 

(7) Record volume purged in the field notebook and on Fieid Water Quality 

Data Sheet. 

Portable Purllp 

(1 )  Decontaminate the pump and sufficient tubing by scrubbing with an  al- 
alkaline detergent solution followed by a deionized water rinse. Pump a t  

least one tubing volume of deionized water through the pump. 



I . .  

I .. . . 

(2) Place decontaminated pump approximately 1 f t  above the bottom of the 
well. 

(3) Place up-hole end of the discharge line in container of known volume (e.g., 

plastic trash can or 5-gal. bucket). 

(4) Connect compressor to pump controller. 

(5) Turn on compressor and pump appropriate v o l m c  as measured in con- 
tainer. 

(6 )  Record purged volume on the Field Water Quality Sheet. 

(7) After collecting the sample, decontaminate pump by scrubbing all t ub ing  
that has been pulled off the reef and the pump ifself with an alkaline de- 
tergent solution and rinsing with deionized water. Pump at least one tub- 

ing volume of deionized water through the pump. 

11.6. RECORDS 

- Field water quality sampling and analysis form - Field notebook 

11.7. REFERENCES 

U.S. Environmental Protection Agency, 1986, Huzurdous Wostc Groundworer Turk Force 
Protocoi for Groundwater Evaluation, Office of Solid Waste and Emergency 
Response, Washington, D.C., DIR 9080.0- 1. 

I 
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12. GROUNDWATER SAMPLING 

12.1. PURPOSE 

12.2. 

To provide procedures for groundwater sample collection. 

RESPONSIBILITIES 

The Subcontractor Site Manager is responsible for  assigning specific wells to be 

The  sampling schedule will be approved by the Rockwell International sampled. 

CEARP Manager prior to implementation. 

The- Field Team Leader is responsible for sampling monitor wells, field water 

quality measurements, and transportation of samples to the onsite laboratory. 

12.3. EQUIPMENT AND MATERIALS 

- Sample bottles provided by on-site laboratory - Thermometer inscribed in degrees Centigrade - pH meter - Portable electrical conductivity meter - Field notebook 

12.4. PROCEDURE 

Pick up sample bottles, cooler, blue ice packs, sample labels, and chain-of- 

custody form a t  the laboratory. 

Prc-label bottles before leaving the laboratory. Place sample bottles on ice. 

Produce the sample with the same device used to purge the well. 

Collect the  sample immediately after purging if possible. If the well is es- 

sentially dry  af ter  pumping, measure the water level in the well on a peri- 

odic basis (approximately every three hours). Collect the volatile organic 

samples within three hours of purging. Collect the rest of the samples as 
soon as there is sufficient volume in the well to sample as soon as there is 
sufficient volume in the well to fill the sample bottles (approximately 4 



gallons). Attempt to collect an aliquot for field tests and laboratory analy- 
sis (in that order) 24 hours af ter  purging even if there is insufficient wa- 
ter in the well to fill all sample bottles. 

Produce sufficient sample for  performance of four field water quality 
tests (two 500 milliliter beakers - one for temperature and conductivity 
and one for  pH). Perform one field water quality test before sampling, 
two during sampling, and one af ter  sampling following procedures in this 
document 

Rinse each bottle with formation water directly from the pump discharge 
or  bailer. Fill the bottle about onequarter  full, cap the bottles, and rinse 
both bottle and cap with a swirling motion. Discard rinse water. Immedi- 
ately fill bottle with sample, cap, complete label, rinse bottle exterior with 
deionized water, place in plastic bag, and return bottle to cooler. Remove 
only one bottle from the cooler at a time for filling. 

After rinsing the volatile organics vials and caps with sample, fill each 
vial to overflowing with sample. Carefully place the cap on the vial so 

that  a i r  is not captured, and  tighten. Invert the vial and tap lightly. If 
bubbles a re  observed, repeat the process 

Record time of sampling on Field Water Quality Sheet and in field note- 
book. Also note weather conditions and any other observations (e.g, insuf- 
ficient sample to fill all bottles, bottles broken, ete). 

Complete chainsf-custody form and indicate analyses to be performed in 
the laboratory. 

(10) Deliver samples to the on-site laboratory within 3 hours of collection for  
filtration and/or preservation of appropriate bottla. 

125. RECORDS 

- Field water quality and analysis sampling form 
- Field notebook 



. . . . . . . . .. . - . . . . . . ..... . 

12.6. REFERENCES 

US. Environmental Protection Agency, 1986, RCRA Ground-Water Monitoring Technical 
Enforcement Guidance Document, Off ice of Solid Waste and Emergency- Response, 
Washington, D.C. 
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13. FIELD MEASUREMENTS 

13.1. PURPOSE 

To provide procedures for  field measurements made at  the site of monitor 
wells and surface water stations. 

13.2. DEFINITIONS 

Field Measurements: These measurements consist of temperature, pH, conduc- 
tivity, dissolved oxygen, organic vapors, and qualitative observations of color and 
odor. 

13.3. RESPONSIBILITY 

The Field Team Leader is responsible for measurement of field parameters. 

13.4. EQUIPMENT AND MATERIALS 

The equipment used for field measurements has been selected based on proven 
durability in field applications; however, field equipmeat is still rather f ragile. 
Equipment should be kept spotlessly clean at all times and protected from tempera- 
ture extremes. Conductivity meters and pH meters will be calibrated daily following 
the manufacturers' instructions. All other instruments will be calibrated weekly. 
Each instrument will have its own calibration log book, and all calibrations will bc 

documented. The following equipment is normally used: 

Thermometer inscribed in degrees Centigrade 
pH Meter - with calibration buffer solutions 
Portable electrical conductivity meter - with calibration 
Standard solutions 
Photoionization Detector (PID) 
Organic Vapor Analyzer (OVA) 
Deionized water 
Pencil 
Field Water Quality Sheets 
Field notebook 
Calibration notebooks 



135. PROCEDURE 

0. 
. ,  

135.1. Te macraturc Me- 

Immerse the thermometer bulb in a beaker filled with sample. Make the mca- 
surement immediately af ter  sampling so that  the temperature will not have time to 
change. Read the .thermometer while it is still immersed, to the nearest degree Centi- 
grade, and record the reading in the field notebook and on the Field Water Quality 
D3t3 Sheet. Rinse the thermometer with deionized water and  put it away. 

Calibrate the thermometer on a weekly basis against a National Bureau of 
n the calibration log book. Standards certified thermometer. Document cal 

133.2 pH Measurement f VWR Scieotlflc 19 76) 

Turn on meter. 

Check ba ttery. 

brat ions 

Place partially filled 50-tnilliliter beakers containing pH 4 and pH 7 

buffer solutions into a water bath (well water) to maintain the tempera- 
ture of the buffers as close as possible to the temperature of the well wa- 
ter. The water bath will need to be refilled periodically with water re- 
moved from the well. 

Remove boot from electrode. 

Rinse electrode with deionized water. Be sure any  salu are removed. 

Immerse bulb in pH 7 buffer. 

Adjust using calibration knob to read 7. 

Rinse electrode with deionized water. 

Immerse bulb in pH 4 buffer. 

Adjust using temperature knob to read 4 (this is a span adjustment and not 
a true temperature correction). 



( I  1) Measure the temperature of the buffers using a thermometer, following the 
procedures described previously. Be sure to rinse the thermometer with 
deionized water between solutions. 

(12) Collect some sample in a beaker (rinse the beaker with sample). 

(13) Rinse the thermometer with deionized water. and measure the temperature 
of the sample. If the buffet solutions are not at  the same temperature as 
the samples, put fresh formation water in the water bath, allow time for 
temperature equalization, and repeat the calibration procedure. 

(14) Rinse the electrode in deionized water. 

(IS) Immerse the bulb in the sample. 

(16) Read the pH to the nearest tenth of a pH unit. Stir the sample with the 

electrode to hasten reading stability. 

(17) If the pH it greater than 7, re-calibrate using the pH 10 buffer instead of 
the pH 4. Perform steps 5 through 16 above. If most samples have pH 
values greater than 7, pH 10 buffer should be routinely substituted for  pH 
4. 

(18) Record the pH reading on the data sheet and in the field notebook. Doc- 
ument calibrations in the calibration log book. 

(1.9) Rinse the electrode with deionized water and replace plastic boot. 

(20) Turn off meter. 

(1) With conductivity meter off, check zero position. Adjust if necessary. 

(2) Switch to red line and adjust. 

(3) Calibrate meter against standard solutions and record calibrations in the 
calibration log book. 



_ _ . _ . . . .  .~ . . . .  

(4) Collect a sample in a beaker (rinse beaker with sample before collecting). 

Rinse probe with deionized water. 

Immerse probe in the sample. 

Switch to temperature. Record the temperature on Field Water Quality 
Sheet and in field notebook (may be different from earlier temperature 
measurement). 

Switch to conductivity and record both the needle reading and scale knob 
setting.’ Do not perform any calculations Record the two values on the 
Field Water Quality Sheet and in field notebook. 

Turn meter off. 

Remove probe from sample and rinse with deionized water. 

Rinse beaker with deionized water. 

13S.4. pissol vtd OxrntaMcisar trn~~  (YSI 19 7611 

(1) Place meter in intended operating positioa Do not move without calibrat- 
ing. 

(2) With meter off, adjust meter to zero using center screw. 

(3) Switch meter to zero and adjust to zero with zero knob. 

(4) Switch meter to full scale and adjust to .lY on ppm scale using fu l l  scale 
knob. 

( 5 )  Attach probe to the meter and wait 15 min to polarize probe. 

(6) Perform air calibration: 

- Switch to calib 0 2  position; 

- Place the probe in moist air (small calibration bottle with a few 
drops of water) and allow 10 min for temperature stabilization 
(can be same as polarization wait); and 



- Set meter to local altitude (6,000 f t  amsl) using calib knob - be 
sure reading is steady; 

Calibrate meter against standard soiutions (on a weekly basis). Document cali- 
brations in calibration log book. 

(7) Place probe in sample and stir by raising and lowering the probe about 1 

f t  per s. Allow probe to equilibrate to sample temperature and dissolved 
oxygen, 

(8) Turn switch to temp and read temperature from lower scale. 

(9)  Set 0 2  solubility factor dial to observed temperature, using the salinity in- 
dex scale on the dial (salinity determined using SCT meter - each bar on 
index represents 5,000 ppm chloride concentration). 

(IO) Turn switch to read 0 2  and read dissolved oxygen value in ppm directly 
from the meter. 

(11) Turn off meter, rinse probe with deionized water, add a few drops of 
deionized water to the sponge in the probe holder, and return probe to 
holder. 

13.55. PhotaiaaIzitfaa Detector M e ~ r e m e n t r  (HNU Svrte mr 19751 

Remove plate on the top half of the case by pulling up  on the two fasten- 
ers. The extension tube and battery charger are located under this plate. 

Attach extension tube to the end of the probe. 

Check to see if the instrument's function switch is in the 'OFF position. 

Install the 12 pin interface connector for the probe into the connector on 
the instrument box by carefully matching the alignment key of the probe 
connector to the slots in the box connector. Twist the connector in a 
clockwise manner until a distinct snap and lock is f e l t  

Check the battery supply by turning the function switch to the ' B A T  

position. The meter needle should deflect to the far right or well within 



the green zone (NOTE: T h e  battery check indicator will not function un- 
less the probe is attached). If the  needle is below or just in the green zone 
or the red LED light is on. the battery should be recharged. 

To zero the instrument, turn the function switch to the 'STANDBY' posi- 
tion and rotate the 'ZERO" potentiometer until the meter reads zero. This 
is an  electronic zero adjustment. Calibration gases are not needed. 

Turn the function switch to the selected scale. There should be a hum- 
ming sound emanating from the probe. This is the fan which pulls a i r  
into the probe. A blue glow should be seen through the end of the probe. 

DO not stare a t  this glow, as it is an  ultraviolet light source which can 
damage the eyes. An overall check can also be done by passing a magic 
marker past the tip of the probe. This should generate a reading or jump 
of the needle. 

Place the function switch in the 0 - 20-ppm range for the most sensitive 
monitor in g. 

Before entering a work area, determine the background concentration. 
This concentration should be used as  a reference to readings made in the 
work area. Under no circumstances should one attempt to adjust the 
"ZERO' or 'SPAN" adjustments while the instrument is being used in  the 
work area (NOTE: When using the 0 - 20 ppm range, background concen- 
trations u p  to 1.0 ppm are  common in clean environments. This reading is 

generated internally by the  instrument and should be referred to as zero 

P m ) .  

Take PID readings in the headspace of a well before making water level 
measurements. Condensation and dust on the lamp can interfere with 
proper readings. PIDt d o  not function well during precipitation events or 
sudden temperature changes which can fog up the lamp. 

Record all readings in the field notebook. 



13.5.6. Organic Vapor Aadyzcr  Mc8r11rcrncotr (Foxboro Amdytlcd) 

( 1 )  Remove top cover of the instrument. 

(2) Move the INSTR switch to ON and allow f ive  minutes f o r  warm up. 

(3) Set the audible alarm to a predetermined level by turning the PUMP 
switch to ON. Adjust the meter pointer to the desired alarm level using 
the CALIBRATE ALARM (zero) knob. Turn  the ALARM LEVEL AD- 
JUST knob on the back of the readout assembly until  the audible alarm 
comes on. Adjust speaker volume with VOLUME knob. The instrument is 
then preset to activate the alarm when the  organic vapor level exceeds that 

of the setting. 

(4) Move the CALIBRATE switch to 1OX a n d  adjust the meter reading to zero 
with the CALIBRATE ADJUST (zero) knob. 

(S) Ensure the PUMP switch i t  ON and observe the SAMPLE FLOW RATE in- 
dicator. The flow rate should be approximately 2 units. 

(6) Open H2 TANK VALVE one turn a n d  observe the reading on the H2 
TANK PRESSURE indicator (approximately 150 psi of pressure is needed 
for  each hour of operation). 

(7) Open H2 SUPPLY VALVE one-half to one  turn and observe the  reading 
on the H2 SUPPLY PRESSURE indicator. 

Caution: Do not leave H2 SUPPLY VALVE open when the pump is not run- 
ning, as this will allow hydrogen to accumulate in the detector chamber. 

(8) Confirm that meter is still reading zero (readjust if required). 

(9) Depress the igniter button. There will be a slight 'pop' as the hydrogen ig- 
nites, and  the meter pointer will move upscale of zero. Do not depress ig- 
niter button for more than 6 seconds If  burner does not ignite, let in- 

strument run for several minutes and t ry  again. 



Move instrument to an area representative of the 'lowest ambient back- 
ground concentration' to be surveyed. Move the CALIBRATE switch to 
1X and adjust the meter to read 1 ppm with the CALIBRATE ADJUST 
(zero) knob. 

If the alarm level is to be set above background Ievels, turn the ALARM' 
LEVEL ADJUST knob on the back of the readout assembly until it activi- 
ties slightly above background. 

Set the CALIBRATE switch to the desired range. 

Using one hand operation, survey the areas of interest while observing the 
meter and/or listening for the audible alarm indication. 

Record readings in the field notebook. 

135.7. Color rad Odw 

15.6. 

13-7. 

Record any observations regarding the general condition of the samples. Espe- 
note color, turbidity and odor. 

RECORDS 

- Field water quality data sheets - Field notebook 

REFERENCES 

Fosboro Analytical Century System Portable Organic Vapor Analyzer Instructions 
and Service Manual. 

HSU Systems Inc, 1975, Instruction Manual for  Model PI101 Photoionization Ana- 
l yzer. 

VWR Scientific, 1976, Care and Fecding,of the Mini and Digital p H  Meters, Model 47. 

Yellow Springs Instrument Co, 1976a, Instruction Manual, YSI Model 51B Dissolved 
Oxygen Meter. 

Yellow Springs Instrument Co, 1976b, Instructions for YSI Models 33 and 33M S-C-T 
Meters. 



14. WATER LEVEL MEASUREMENTS 

14.1. PURPOSE 

To provide procedures for measuring water levels in monitor wells and 
Piezometers. 

14.2. DEFINITIONS 

Electric Water Level Sounder: An electric water level sounder is a device to 
measure the depth from a reference point (usually top of casing) to the water level i n  
a well. The sounder consists of a two-wire cable on a reel with a double electrode tip. 
The reel houses a battery and voltmeter (or other .device such as a light or buzzer) SO 

that electrical continuity is indicated between the electrodes when submerged. The 
cable is graduated, indicating the length of cable in the well (Todd 1980). 

14.3. RESPONSIBILITY 

The Field Team Leader is responsible for water level measurements and accu- 
rate recording of data. 

14.4. EQUIPMENT AND MATERIALS 

Electric water level sounder 
Deionized water 
Extra batteries 
Tape measure graduated in hundredths of feet 
Watch 
Pencil 
Photoionization Detector (PID) 
Field Water Quality Data Sheet 
Water Level Data Sheet 
Field notebook 

14.5. PROCEDURES 

(1) Rccord'well location, identification number, date, time, and Field Team 

Member initials in field notebook and on data sheets. 



(2) Check headspace of the well for  any organic vapors w i t h  a PID. 
reading in field notebook. 

Record 

(3) Decontaminate electrode on sounder and sufficient length of cable by 
washing with an alkaline detergent solution and rinsing with deionized 
water SO that only clean cable enters the well. 

(4) Turn on sounder, check battery, and lower cable into well until the pres- 
ence of water is indicated. 

( 5 )  Hold wire so thumb and index finger are  touching the top of casing when 
probe just enters the water (alarm will sound). Use the north rim of the 

inner casing for the depth to water reference point. 

(6) Raise cable until alarm stops (Le., probe is just above water level). Lower 
cable until alarm sound again. Check to see if thumb and index finger are 
a t  the same location as before. 

(7) Still holding the cable at the mearurement point, pull an  arm's length of 
cable from the well. With other hand, push the zero end of tape measure 
against thumb, holding the measurement point, and measure distance to the 
first downhole graduation on the cable. Measure to the nearest 1/100th of 
a foot. 

(8) Record the time, cable and tape measure readings in the  field notebook. 
Transfer readings to the Field Water Quality Data Sheet and the Water 
Level Data Sheet. 

(9) Coil the downhole cable into hands to minimize contamination of the en- 
tire sounder. 

(10) Decontaminate all of the cable that was downhole plus 5 f t  by washing 
with an alkaline detergent solution and rinsing with deionized water. 
Decontaminate equipment between wells and a t  the end of each day. 

( 1  1) Wrap sounder in clean plastic after decontaminating. 



14.6. RECORDS 

- Water level data sheets 
.e '., 

- Fidd notebook- __- - . . - . . . .  

14.7. REFERENCES 

Todd, David Keith, 1980, Subsurface Investigations of Groundwater; 
L 

Grourrdwarer 
Hydrology, Second Edition, John Wiley and Sons. Inc, New York, pp. 434-435. 

. . . . . - -. 
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